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The determination of total base in biological material by the 
conversion of the bases to sulfates and the measurement of the 
latter by the precipitation of benzidine sulfate, were originated by 
Fiske (1) and further developed in this laboratory by Stadie and 
Ross (2), who applied the method chiefly to blood. It has been 
found widely useful, but with acknowledged disadvantages, chief 
of which have been difficulty when applied to the analysis of 
feces and other material rich in calcium and phosphorus, and the 
amount of experience with the method generally found necessary 
to assure success. For the past several years we have been study- 
ing the various steps involved and have introduced certain modi- 
fications that eliminate conspicuous difficulties. Kirjan (3) also 
examined the method step by step. With most of his criticism 
of the earlier method, especially that there was difficulty with the 
blank titration, that phosphates were precipitated at too alkaline 
a reaction, and that the ignition of sulfates was at too high a 
temperature, we are in agreement. 

Fiske suggested the direct titration of the precipitated benzidine 
sulfate, while Stadie and Ross titrated an aliquot of the filtrate 
and obtained their values by difference. The obvious objections 
to the latter method seemed overbalanced by the advantages which 
they noted. With the elimination of the preliminary titration, 
and a lessened intensity of sulfate ignition as here proposed, the 
indirect titration becomes still more advantageous. 


* Robert Robinson Porter Fellow. 

This work was initiated and parts of it completed while the author was a 
National Research Council Fellow in Medicine (1928-30) under the direction 
of Dr. J. H. Austin. 
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The presence of a considerable amount of free sulfuric acid 
remaining in the sulfate ash has no effect on the results of the 
indirect titration provided the sum of sulfate ions as salt and as 
acid be less than equivalent to the benzidine hydrochloride em- 
ployed. Equations for the reaction of benzidine hydrochloride 
with sulfates and with sulfuric acid make this clear. 


(1) B.SO, + + | 
(2) H.SO, + + | 


In the first reaction the precipitation renders the filtrate less 
acid, which is the basis of the indirect titration. In the second 
reaction, the titratable acidity of the filtrate is the same as that 
of the original benzidine hydrochloride solution. It is obvious, 
therefore, that titration of the filtrate gives a value that depends 
on the B,SO, initially present and is independent of additional 
H,SO,, provided the sum of B,SO, and H,SO, is less than the 
equivalent of the benzidine initially present. On the other hand, 
measurement of the precipitate will give a value dependent on the 
sum of B,SO, and H,SO, initially present. At once then, the 
severe ignition of sulfates (to drive off the last traces of excess 
H,SO,) and the preliminary titration (to determine the adequacy 
of this ignition) become unnecessary when the filtrate is titrated. 
This simplification is especially advantageous when Mg and Ca 
predominate. 

To test and illustrate the foregoing statements, the following 
experiment was performed. Varying quantities of 0.1 n H,SO, 
were placed in a 50 cc. volumetric flask; diluted, 20 cc. of benzi- 
dine reagent were added, and water to the mark. After filtration, 
5 cc. portions of filtrate were titrated with 0.02 n NaOH. For 
comparison, the experiments were repeated with exactly equiva- 
lent quantities of Na,SO, in place of the H,SO,. The results are 
shown in Figs. 1 and 2 and demonstrate the relationships described 
in the preceding paragraph. The curves show the composition of 
the titratable acidity calculated in accordance with the foregoing 
interpretation. The cross-hatched regions, where there is a measur- 
able divergence from the theory, occur when there is a negligible 
excess of benzidine or of sulfate and it is reasonable, therefore, 
to expect that some benzidine sulfate will be in solution, and 
hence its acid titratable. The experimental figures are given in 
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Table I. The amount of free HCl, and by difference the amount 
of benzidine hydrochloride initially in the benzidine reagent, may 
be measured by adding an excess of sulfate in the form of soluble 
salt and titrating the residual acidity of the filtrate. 


T T 
$0, 
HCc sy 
z= 
EQUATION 2 
ENZIDINE 
< 
HyprocHLoripe 


HC. 4 
4 12 CC.N/50 
H,SO, apvep 
Fic. 1. Dots represent the titratable acidity of filtrates from H.SO, 
added to benzidine hydrochloride reagent. The partition of any ordinate 
among the labeled areas indicates the sources of the observed acidity in 


accordance with Equation 2. The cross-hatched area probably indicates 
benzidine sulfate in solution. 


It may be noted in this connection that we have found the end- 
point sharper, and the consistency of our own and each other’s 
titrations greater when some H,SO, has been added than when 
titrating benzidine alone. This is doubtless due in part to the 
diminished quantity of benzidine in the solution as it possesses 
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some buffering action in the phenol red range. Thus we would 
consider 13.80 cc. (mean of the first five figures of the third column) 
the preferable figure for the titration of our benzidine reagent, and 
that 13.11 ce. (13.80 — 0.69) is equivalent to the amount of benzi- 
dine hydrochloride present. The break in both curves occurs 
when this amount of sulfate ion has been added and the divergence 


Lf T 


cCC.N/50 


< 
« 
o 
Benziine 
S 4+ Hyprocutorive 


Na,SO, 


Fic. 2. Dots represent the titratable acidity of filtrates from Na,SQ, 
added to benzidine hydrochloride reagent. The partition of any ordinate 
among the labeled areas indicates the sources of the observed acidity in 
accordance with Equation 1. The cross-hatched area probably indicates 
benzidine sulfate in solution. 


from the theory is negligible except within 2 cc. of this point. If 
the volume of the precipitate or the adsorption upon it of any 
titratable portion of the filtrate were a source of error in using the 
filtrate rather than the washed precipitate, such constant titration 
figures could not have been obtained with H,SO, especially in 
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view of the fact that the benzidine concentration was 4 times as 
great as ordinarily used. 

The ignition of salts of volatile acids in the presence of an excess 
of sulfuric acid results in the successive formation of bisulfate, 
pyrosulfate, and normal sulfate, and (theoretically) a final break- 
down into sulfur trioxide and the oxide of the base. Sodium and 
especially potassium pyrosulfate are resistant to heat, probably 
forming, when hydrolyzed by solution, the bulk of the “excess 
H.SO,” that it was formerly necessary to determine. If the 


TABLE I 
Titratable Acidity of Filtrates. Comparison of Equivalent Quantities of 
NaSO, and HSO, 
The figures are expressed in terms of cc. of 0.02 nN in 5 cc. aliquots. 
or added NaSO, titration titration 
ce. cc. ce. 
0.00 13.84 13.84 
0.52 13.28 13.87 
1.04 12.75 13.72 
1.56 12.33 13.82 
5.20 8.64 13.77 
11.44 2.36 13.84 
12.48 1.31 13.96 
13.00 0.93 14.06 
13.52 0.76 14.38 
14.04 0.70 14.82 
14.56 0.70 15.28 
15.08 0.69 15.72 
15.60 0.68 16.22 


corresponding calcium and magnesium salts are formed, they are 
much more readily ignited to the normal sulfate. Stadie and 
Ross found no perceptible loss on severe ignition of sodium and 
potassium sulfates. Magnesium sulfate is, however, readily con- 
verted to the oxide. The application of heat above the dullest 
red will cause the loss of some SO;. Marchall (4) has shown that 
the loss of SO; from normal sulfates is catalyzed by silica. This 
has been discussed in its relation to gravimetric analysis by Guntz 
and Barbier (5). While it may have been a disturbing factor in 
silica beakers roughened by the severe ignition required by Stadie 
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and Ross, in the smooth Pyrex beakers and at the low tempera- 
tures employed by us it is a negligible factor. 

The problem of ignition then, is to find a temperature and time 
of ignition that will (1) assure the destruction of ammonium sul- 
fate (introduced during the removal of phosphates), (2) transform 
most of the sodium and potassium present to the normal sulfate, 
(3) avoid MgO formation, (4) avoid too severe ignition of CaSO,, 
which appears to diminish its rate of solution. As the result of 
numerous experiments, we conclude that the above requirements 
are met by 5 minutes ignition at 500-600°. However, when the 
sulfuric acid and ammonium sulfate have not been to a great — 


TABLE II 
Recovery of Calcium 

K, Ca Total expected Posed after 3 
m.-eq. m.-eq m.-eq. m.-eq. m.-eq. 
0.1023 0.0000 0.1023 0.1025 0.1020 
0.1023 0.0085 0.1108 0.1095 0.1100 
0.1023 0.0170 0.1193 0.1150 0.1203 
0.1023 0.0340 0.1363 0.1272 0.1345 
0.1023 0.0510 0.1533 0.1458 0.1545 
0.1023 0.1020 0.2043 0.1783 0.2023 
0.0 0.1020 0.1020 0.1003 
0.0 0.1700 0.1700 0.1710 
0.0 0.2125 0.2125 0.2118* 
0.0 0.2550 0.2550 0.2463t 


* Required 25 minutes on the water bath instead of 15. 
¢t Considerable residue after 30 minutes on the water bath. 


extent removed by heating on a hot-plate or sand bath, copious 
fumes are evolved which may require more than 5 minutes to 
escape from the closed furnace. In such cases we aid their escape 
by opening the door and blowing gently, and allow the ignition to 
continue for 3 or 4 minutes after visible fuming ceases. 

The solubility of calcium sulfate in water at 20° is 0.0151 mols 
per 1000 gm. (International Critical Tables). 15 cc. of water 
should therefore dissolve 0.45 milli-equivalent. The slow rate 
of solution, then, rather than the slight solubility of calcium sul- 
fate, is the source of the difficulty encountered in total base deter- 
mihations in the presence of more than 0.01 milli-equivalent of 
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calcium. By the use of Pyrex beakers placed on a black surface 
the progress of solution can be readily followed. As satisfactory 
results have been obtained when visible traces of calcium sulfate 
remain undissolved up to the addition of the benzidine reagent, 
one can rely upon the accuracy of the result when none is visible. 
Stirring and triturating with the tip of a glass rod may sometimes 
dissolve up to 0.040 milli-equivalent of calcium sulfate within a 
few minutes but more than that amount only with increasingly 
tedious effort and no certainty of correct results. In the fourth 
column of Table II are shown results obtained with 3 minutes 
intermittent stirring (no triturating). If solution does not readily 
occur, it is preferable to take advantage of the increased solubility 
and rate of solution in the presence of HCl as described later. 
Results obtained by this latter method are shown in the fifth 
column. If ignition has been too severe there is a possibility that 
the insoluble residue is Mg(OH)2. The use of HCl brings this 
residue also into solution and the HCl consumed automatically 
corrects for this error—another advantage of indirect titration. 


Procedure 


Ashing—We hold no brief for any particular method, the nature 
and quantity of the material that it is desired to ash and the con- 
venience or habit of the laboratory being the determining factors. 
The requirement is to obtain a solution free of organic matter 
without loss or addition of bases. In this connection it may be 
mentioned that the ignition of potassium sulfate, while resulting 
in a slight loss which may have to be considered in the determina- 
tion of very small quantities of potassium (as in serum), apparently 
does not cause a loss appreciable in the determination of total base 

For blood serum we remove the proteins with trichloroacetic 
acid and ash as described by Stadie and Ross, using a few drops 
of superoxol to replace or augment the nitric acid, and finishing by 
heating at 500-600° for 5 or 10 minutes in the muffle furnace.' In 
cases where phosphate removal is necessary, ashing is followed by 
the addition of a few cc. of roughly 6 N HCl and evaporation on the 
water bath in order to convert the insoluble metaphosphates 
which may have formed to orthophosphates. For feces the 


1 An inexpensive pyrometer has been found useful at several steps of 
this determination (Stadie, W. C., and Wright, 8. L., Science, in press). 
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method of Bauer and Aub (6) (ignition at low temperature, ex- 
traction with dilute HCl, filtration, and repetition of the treat- 
ment with residue and filter paper if necessary) is convenient. 
Brown and Shohl (7) ash urine with sulfuric and nitric acids in 
silica, Cullen? ashes the nitric acid digest with excess sulfuric 
acid in the presence of ammonium persulfate in the muffle furnace 
overnight at 550°, bringing to 600° for a few minutes at the end. 

Phosphate Removal—We find, with Peters, Wakeman, Eisen- 
man, and Lee (8), that the correction suggested by Stadie and 
Ross for use when small quantities of phosphate are present, is 
unsatisfactory. Phosphate removal appears to introduce no error 
and is only omitted when the phosphate is known to be negligible 
in amount—a rare circumstance. Ferric phosphate is completely 
precipitated when the acidity has been reduced to about pH 4 and 
ferric hydroxide at about pH 5. By stopping the addition of 
ammonia as soon as possible after pH 5 has been reached, the 
phosphate and iron are completely removed, the danger of simul- 
taneous removal of Mg and Ca is avoided, and the iron hydroxide 
is less slimy in character. For this reason we prefer as an indicator 
brom-cresol green which changes from yellow at pH 4.0 to blue 
at pH 5.0 and use a more dilute ammonia than generally recom- 
mended. For large quantities of phosphate, and to speed the 
filtration in any case, we carry out the precipitation in round 
bottomed flasks prepared from glass tubing of suitable size to fit 
in the ordinary (3 em.) centrifuge cup and etched on the neck at 
25 ce. 

For small quantities of phosphorus (0.015 mm) the sample is 
- transferred to the centrifuge flask, 2 drops of 0.04 per cent brom- 
cresol green added, and HCl or ammonia added as needed to bring 
the solution not over 1 drop of 0.5 m past the change of color. 

The solution is diluted to about 20 ce., 1 cc. of m/30 ferric am- 
monium alum (1.6 per cent) is added, and 0.5 per cent ammonia 
water, drop by drop until the dye changes to a green or blue color. 
A change in character of the precipitate with greater tendency to 
settle, just precedes the end-point, which can also be approxi- 
mated by a preliminary titration of the ferric alum by the am- 
monia. The mixture is then diluted to the mark, centrifuged, 
and filtered. 


2 Private communication. 
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For larger or unknown quantities of phosphate a slightly differ- 
ent procedure is used, with 0.5 cc. (for 0.1 mM) or 1.0 ce. (for 0.24 
mo) of m/3 ferric ammonium alum (16 per cent). The material 
is brought to appropriate reaction and diluted as before and the 
alum added. Frequently FePO, may be observed coming out at 
this point; nevertheless, a 3 per cent solution of ammonia water is 
added drop by drop with shaking, until two-thirds the amount re- 
quired to neutralize the ferric alum alone has been added. Cen- 
trifugation at this point will pack practically all the FePO, and 
some Fe(OH); in the bottom of the flask. The addition of am- 
monia is then continued until color change of the dye. This will 
require less than the remaining one-third estimated; the more 
phosphate present, the less ammonia being required. The solution 
is then brought to the mark, centrifuged, and filtered. The pre- 
liminary removal of the bulk of the precipitate serves several pur- 
poses: (1) to render the color change of the indicator more readily 
visible, (2) to increase the relative concentration of iron in the 
reaction mixture, (3) to enable one to tell at a glance that excess 
iron had actually been present. If the second precipitate shows 
a reddish color this has been accomplished. 

Here also the question of adsorption on the bulky precipitate 
is a point of interest. Experiments with Na, K, Ca, and Mg, with 
0.179 to 0.186 milli-equivalent and 0.242 mm of ammonium phos- 
phate for each precipitation, gave results in agreement with those 
in which no phosphate was present, indicating no error from pre- 
cipitate volume and adsorption. 

Ignition of Sulfates—An aliquot of the phosphate-free filtrate 
containing 0.08 to 0.25 milli-equivalent of base is placed in a 50 
ec. low form Pyrex beaker, 2 or more drops of concentrated H.SO, 
are added, and the water driven off on the steam bath. The resi- 
due should be sirupy in character or have at most a relatively 
small amount of solid residue. It is desired that the mixture 
melt at a lower temperature than the commencement of fuming. 
If this does not appear probable, more concentrated acid should 
be added, sometimes as much as 0.5 cc. being required. The use 
of a large excess of sulfuric acid avoids the chance of loss by de- 
crepitation. The beakers are placed on a 3-stage hot-plate and 
the temperature slowly raised until fuming proceeds rapidly. 
When fuming on the hot-plate diminishes, the beakers are placed 
in the oven at 500-600° for 5 or 10 minutes as indicated earlier. 
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Solution of Sulfates and Precipitate of Benzidine Sulfate—To the 
Pyrex beakers are added 15 cc. of distilled water, and the sulfates 
are induced to go into solution with the aid of a small stirring rod. 
This is readily accomplished even in the presence of 0.010 to 0.015 
milli-equivalent of calcium; provided as above, the calcium sul- 
fate has not been exposed to prolonged or intense ignition. After 
all is dissolved, 3 cc. of benzidine reagent* are added, the precipi- 
tate filtered off, and 15 cc. taken for titration. 

When calcium is in excess of about 0.03 milli-equivalent (as in 
feces) or when close scrutiny of the gently stirred solution dis- 
closes a white insoluble residue that dissolves scarcely at all, add 
5 ec. of 0.02 N HCl. Warming on the water bath, with occasional 
stirring, will then dissolve up to 0.150 milli-equivalent of calcium 
in about 15 minutes. After cooling, 3 cc. of benzidine reagent 
are added and the mixture transferred to a 25 cc. volumetric flask; 
the beaker is rinsed carefully with several small portions of water 
until the 25 cc. mark is reached. It is not important to transfer 
the precipitate quantitatively. The mixture is then filtered and 
20 cc. taken for titration. 

Titration—The portions taken for analysis are brought to boil- 
ing on a hot-plate and are titrated hot with carbonate-free 0.02 n 
NaOH with 1 or 2 drops of phenol red. The hot titration serves 
to lessen the error due to carbonic acid, and to keep the resulting 
precipitate of benzidine base in solution. Blanks are carried 
through with each group of determinations. In order to simulate 
the conditions of the unknowns, and to lessen the buffering action 
of benzidine, 15 cc. of 0.01 n H,SO, are used for the blanks in place 
of distilled water. Otherwise, the dilution of the blanks is identi- 
cal with that of the unknowns, including the addition of 0.02 m 
HCl where required. 

Calculation—If, for simplicity, factors of standardization and 
calibration are disregarded, the results are calculated as follows: 


3 The benzidine reagent is prepared by placing 4 gm. of benzidine and 45 
ce. of N HCl in a beaker and adding water to 375 cc. The benzidine dis- 
solves readily when warmed. Occasional filtration is necessary, the re- 
agent remaining lighter in color and freer of sediment in the absence of light 
and heat. 3 cc. of this reagent are equivalent to 2 cc. of that ordinarily 
used. This makes for greater simplicity in calculation and less difficulty in 
recovering the required 15 cc. of filtrate. 
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Type Acidity Dilution f. 
change of NaOH Phos- Benzi- 
eq. perl. phate 


Ordinary (B.-U.)* 0.02 x > x = = (B.-U.) 0.030 = m.-eq. taken 


Ca, high (B.-U.) 0.02 X x (B.-U.) 0.03125 = “ 


* B.-U. = titration of blank minus titration of unknown. 


SUMMARY 


1. The benzidine method for total base determination has been 
modified to allow its use with feces and other material rich in 


calcium and phosphorus. 

2. The preliminary titration for excess H.SO, has been elimi- 
nated. 

3. The intensity and duration of ignition has been standardized. 

4. The method as outlined provides for the use of Pyrex in 
place of platinum or silica vessels. 
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STUDIES IN FETAL FAT 


I. THE INFLUENCE OF HIGH AND LOW FAT DIETS ON THE 
QUALITY OF THE FAT FORMED IN THE FETUS OF THE RAT* 
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The ability of the diet to influence the fat metabolism of the 
adult seems well established from investigations which have shown 
that the quality of the fat stored in the depot is dependent upon 
the composition of the diet (1-6). Little attention, however, has 
hitherto been paid to the effect of dietary factors upon the fat 
metabolism of the fetal organism, and the few investigations bear- 
ing on this point have yielded results of a conflicting nature. 
Thiemich (7) fed a bitch a cacao-butter diet during one pregnancy 
and a linseed oil diet during the following pregnancy. He reported 
that the iodine numbers of the fat of the pups were practically of 
the same magnitude, irrespective of the diets fed to the mothers. 
From the results of this experiment, he concluded that fetal fat is 
little, or not at all, derived from the food of the mother. This 
conclusion he later modified when he found that the diets fed to 
another animal produced but small variation in the iodine value 
of the fat of the mother. He finally concluded that fetal fat may 
be derived in part from maternal fat (8). Hofbauer (9) in 1905 
stated that the fat ingested by the mother may be transmitted as 
such through the placenta. This worker claimed to have found 
laurie acid in the fetal fat after the administration of coconut oil 
to pregnant bitches, but the method employed for analysis has 
been questioned by Wesson (10) and by Needham (11). Hofbauer 
also reported that dyes which were fed along with the fat to preg- 
nant animals made their appearance in traces in the fat of the 
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fetus. This observation has not been confirmed by Gage and 
Gage (12), by Mendel and Daniels (13), or by Baumann and 
Holly (14). These observers found that, whereas the maternal fat 
was stained following the ingestion of the dyed fats, the fetal fat 
failed to show the presence of the dye. Experiments in which 
identification of fats was attempted by means of dyes cannot be 
regarded as conclusive, inasmuch as it is difficult to rule out separa- 
tion of fat from its dye during passage from maternal to fetal 
organisms. 

Recent work on this subject has been carried out by Wesson (10) 
and by Bickenbach and Rupp (15, 16). The former fed rats lin- 
seed oil and butter fat to the extent of 5 per cent of the weight of 
the diet and estimated the bromine addition compounds of the 
fats present in the mothers and their litters. Wesson found that 
the ratio of the highly unsaturated fatty acids to the total ether- 
soluble substances present in the litters obtained from the mothers 
fed these two different diets, was the same. Bickenbach and 
Rupp, on the other hand, reported that in rabbits which were fed 
a linseed diet, the fetal fat (as judged by its iodine number) was 
almost identical with the fat in the mother. These workers 
therefore concluded that the fetal organism derives its fat directly 
from the mother and that fat passes the placenta unchanged. 

In the present investigation, a study was made of fetal fat as 
influenced by three dietary constituents: fat, carbohydrate, and 
protein. The rat was the animal of choice because of the short 
period of gestation of this animal, and because of its ability to 
tolerate high fat diets. The different fats employed ranged in 
degree of unsaturation from coconut oil, with an iodine number of 
8, to linseed oil, with one of 179. Two diets low in fat content 
were also used. In one, the major portion of the calories was 
furnished by carbohydrate, whereas in the other the bulk of the 
calories was supplied by protein. 


EXPERIMENTAL 


Care of Animals—Rats weighing between 120 and 150 gm. were 
used. They were kept in metal cages with screen bottoms to 
allow the escape of feces. The temperature of the room was main- 
tained at 23° + 2° throughout the experiment. 

Feeding of Animals—In order to decrease the stored fat, the 
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rats were fasted for 48 hours prior to receiving the recorded diets. 
The animals were maintained on the experimental diets for at 
least 20 days before impregnation was attempted. The dietary 
scheme of Anderson and Mendel (4) in a modified form was 
employed. For high fat diets 40 per cent by weight of a chosen 
oil was used; the remainder of the diet consisted of dried skim 
milk. Two other diets were employed, both low in fat content but 
different in the amounts of carbohydrate and protein. In addi- 
tion to the skim milk, in one diet 40 per cent by weight consisted 
of crude casein, whereas in the other this proportion by weight of 
the diet consisted of corn-starch. Vitamins A and D were sup- 
plied by adding to the diet 2 drops of cod liver oil per rat. Vitamin 
B was furnished as the concentrate of a weak alcoholic extract of 
rice bran, prepared according to the method of Evans and Lepkov- 
sky (17). During the first 2 weeks, the equivalent of 4 gm. of 
rice bran in the form of the concentrate, per rat, was added to the 
diet, whereas during the rest of the feeding period the equivalent 
of 2 gm. per rat was included with the food. The diets were 
prepared daily and fed ad libitum as a semisolid cake in which all 
the constituents were thoroughly mixed. Tap water was supplied 
ad libitum throughout the experiment. On 1 day per week fresh 
lettuce in excess of the amount eaten was kept in the cage. 
Preparation of Tisswe—On the 20th or 21st day following im- 
pregnation, the rat was killed by a blow at the base of the skull. 
After being dissected free of adhering fat, the uterus with its horns 
was removed. The fetuses were then expelled, wiped with paper 
towels to remove adhering fluid, and the cord severed close to the 
abdomen. The fetuses were immediately cut into small pieces 
and allowed to fall into 95 per cent ethyl alcohol. The tissue of 
the whole litter was thus used to obtain what is referred to as 
fetal fat. Extraction of the tissue was begun as a rule within 5 
minutes after the fetuses were placed in the alcohol. When this 
was not the case, the fetal tissue, cut into small pieces, was stored 
in 100 ml. of 95 per cent ethyl alcohol and kept in a refrigerator, 
the temperature of which was maintained at 0°. In the case of 
the adult rat, the gastrointestinal tract was dissected free of its 
mesenteric fat and discarded. The adult rat minus the gastroin- 
testinal tract, uterus, and horns was ground in a meat chopper 
and mixed with 95 per cent alcohol. The extraction of the adult 
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was begun about 10 minutes after the death of the animal, but 
when this was not feasible, the tissue was stored at 0° in 250 ml. of 
95 per cent alcohol. 

Analytical Procedure'—The tissue was digested twice at 60° 
with alcohol for 1 hour, at the end of which time the alcohol was 
decanted and filtered through filter paper that had previously been 
extracted with alcohol, ether, and finally with petroleum ether. 
In each extraction of the fetal tissue, 10 ml. of aleohol per fetus 
were usually used, but the amount of alcohol was never less than 
50 ml. nor more than 100 ml. for the whole litter. For the aduit 
tissue 250 ml. of aleohol were added each time. The residue from 
the alcoholic extractions, along with the filter paper, was trans- 
ferred to a Soxhlet apparatus and the tissue extracted with ether 
for 6 hours in the case of the fetuses and for 12 hours in the case of — 
the adult. Extraction with hot ether was carried out on a water 
bath, the temperature of which was maintained at 60° + 2°. 

The combined alcoholic extracts were concentrated in vacuo (8 
em. of Hg) at 60°. When the volume was reduced to approxi- 
mately 15 ml. in the case of the fetal extracts, a slow stream of 
carbon dioxide was admitted and the pressure of the system 
gradually increased to atmospheric. The carbon dioxide was 
filtered through cotton to remove oil, if present. The ether 
extract was then added and the distillation carried on at atmos- 
pheric pressure. Final concentration was effected in vacuo with 
a stream of carbon dioxide playing on the surface of the liquid. 
When droplets of water condensed in the upper part of the appara- 
tus and the volume was reduced to about 5 ml., the suction was 
shut off and the system allowed to fill with carbon dioxide until 
atmospheric pressure was reestablished. While carbon dioxide 
was still flowing through the flask, 25 ml. of petroleum ether (b.p. 
20-40°) were added. The flask was then thoroughly shaken to 
dissolve the fat and stored in the dark at room temperature. The 
concentration of the fetal extracts was never carried beyond about 
5 ml., as it was found that when the process was allowed to proceed 
to dryness to the extent that a crust formed on the surface of the 
flask, changes took place which reduced the iodine number of the 
fat. In the case of the adult extracts, concentration was carried 


1 Because of the inherent difficulties associated with the determination 
of fats, the procedure followed in this investigation is described in detail. 
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to about 30 ml., when droplets of water began to condense in the 
upper part of the flask. 100 ml. of petroleum ether were then 
added. 

After remaining in contact with the fat for about 6 hours, the 
supernatant layer of petroleum ether was decanted and filtered. 
Hardened filter paper, which previously had been extracted as 
described above, was used for this purpose. A suitable amount 
of this extract was transferred to each iodine flask which previously 
had been dried and weighed as described below. Petroleum ether 
(b.p. 20-40°) was added to each flask to bring the volume of the 
extract to approximately 5 ml. The flasks were then transferred 
with shaking to the brass plate of the desiccator. Suction was 
applied gently until the liquid petroleum ether had evaporated, 
by which time the pressure had been reduced to 10 mm. The 
suction was then stopped and a slow stream of carbon dioxide 
allowed to fill the desiccator. The carbon dioxide was removed 
by reducing the pressure, which was gradually brought to 2 or 3 
mm. These operations in the desiccator never occupied more than 
15 minutes. 

Further drying of the fat was accomplished by means of gentle 
heat transmitted to the brass plate by two 15 watt ruby incan- 
descent globes mounted with a transite insulator on the under 
surface of the plate. The temperature of the plate never exceeded 
40°. After the iodine flasks had been heated by this method for 
exactly 4 hour, the current was disconnected, the suction was 
stopped, and carbon dioxide was again allowed to fill the desicca- 
tor. The desiccator was now evacuated and kept at 2 or 3 mm. 
pressure for 15 minutes while it cooled to room temperature. Fi- 
nally the system was brought to atmospheric pressure with dry air. 


The flasks were stoppered, removed from the desiccator, and 


allowed to come to equilibrium with the tare before weighing. As 
soon as the weight of a flask with its fat was determined, 10 ml. of 
chloroform were immediately added, and when all flasks had been 
weighed, the determination of the iodine numbers was proceeded 
with, according to the method of Hanus (18). All determinations 
were carried out in duplicate. 

Prior to weighing the empty iodine flasks, they were dried and 
allowed to come to equilibrium with the tare in a manner essen- 
tially the same as that employed in drying the fats, except that 
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dry air instead of carbon dioxide was admitted to the desiccator 
when the heating current was discontinued, and again 15 minutes 
later when the flasks were removed from the desiccator. Since 
vessels dried in a vacuum desiccator are extremely sensitive to 
changes in humidity, both weighings were made within a few hours 
during the same part of the day. 

The solvents employed were redistilled through a column 3 
feet in height. Throughout this procedure solvents and extracts 
came in contact with glass only. All parts of the still and Soxhlet 
apparatus, including the joints, were constructed of glass. The 
still head used in concentrating the extracts consisted of a spray 
trap, a tube for the admission of carbon dioxide, and a ground 
glass joint by means of which this unit was connected to the flask 
containing the extracts. 

To minimize the action of light, the whole procedure was carried 
out in a room from which all sunlight was excluded. 


Results 


The iodine values of the fats of the adults and of the fetuses 
obtained with high fat diets are recorded in Table I. These diets 
permitted variations in the character of the food fat without 
alterations in the proportion of fat, carbohydrate, and protein. 
Thus in the present investigation seven fats were selected, which 
in their degree of unsaturation varied from one which was almost 
completely saturated, namely coconut oil, to one having an iodine 
value of 179, namely linseed oil. Since coconut oil and linseed 
oil were the two extremes of the series of fats studied, more obser- 
vations were carried out with these fats than with the others. In 
the case of the former, the highest iodine value obtained for fetal 
fat was 74.2, whereas the lowest number was 61.5. With linseed oil 
as the food fat, the highest and lowest values for fetal fat were 103 
and 81.9 respectively. It is therefore evident that the degree of 
unsaturation of the fat of the diet influences the degree of unsatura- 
tion of fetal fat. The latter, however, is not modified to the same 
extent as the fat of the mother, for under the same dietary condi- 
tions the adult fat had an average iodine value of 41.1 when coco- 
nut oil wasused, as compared with 139 when linseed oil was ingested. 
The other fats fed, namely butter, Crisco, peanut oil, cottonseed 
oil, and corn oil, varied in their iodine values from 33 to 124 and 
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Coconut oil, io- | 23 
dine No. 8.0| 24 


dine No. 33 


Butter fat, io- 


Peanut oil, io- | 43 
dine No. 95 


Maternal fat Fetal fat 
Feed tes No. | diet 
6 
6 
8 
7 
4 
6 
5 
25 5 
69 8 
70 8 
71 8 
73 36.3-45.6 61.5-74.2| 6 
1 67.5 7 
: 6 72.4 9 
| 2 70.6 9 
as 4 72.6 6 
9 65.3 7 
5 | 55.1-62.5) 74.6) 65.3-74. 7 
70.5 
74.5 9 
70.2 9 
Crisco, iodine 8.8 
No. 75 ph 
80.8 8 
78.1 7 
73.8-82.6| 82.6) 68.8-82.6) 8 
19 


Fetal Fat. I 
TABLE I—Concluded 
ie Maternal fat Fetal fat 
Range Range 
48 34 | 100 78.7 7 
Cottonseed oil, 89 90.8 $8.2 4 
iodine No. 107 50 72 | 101 77.4 6 
a 51 | 90 | 104 85.0 4 
52 90 | 105 99.8-105 | 79.7) 77.4-88.2) 3 
53 46 | 121 91.1 i) 
54 47 | 120 82.4 8 
55 50 | 116 77.3 8 
Corn oil, iodine} 56 50 | lll 72.3 5 
No. 124 57 53 | 127 92.7 7 
58 54 119 74.3 4 
59 56 | 119 76.8 8 
60 77 107 107-121 86.0) 72.3-92.7| 7 
61 65 | 138 90.3 8 
62 66 | 139 97.3 10 
63 67 | 142 99.0 8 
64 68 | 129 87.5 7 
66 72 | 136 82.2 8 
Linseed oil, io- | 68 98 | 139 103.0 6 
dine No. 179 | 78 44 | 139 83.1 4 
79 53 144 81.9 7 
80 54 | 145 82.7 6 
81 52 | 133 83.4 7 
82 73 | 145 84.7 4 
83 75 | 138 129-145 83.4) 81.9-103 4 
139 88.2 


led to the production of fetal fat which had average iodine values 
between those obtained with the feeding of coconut oil and lin- 


seed oil. 


Fetal fat obtained from rats fed low fat diets had average iodine 


numbers of 72.5 and 74.1 (Table II). 
most about 2 per cent of fat, and it is interesting to note that the 


These diets contained at the 
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iodine numbers of the maternal fats were well within the range 
of the iodine values for “synthetic” rat fat, namely 64 to 71, 
reported by McAmis, Anderson, and Mendel (19), who employed 
fat-free diets in feeding their animals. In the case of animals fed 
low fat diets, there is a tendency for fetal fat to be slightly more 
unsaturated than maternal fat. Thus maternal fats gave average 
iodine values of 65.0 and 66.7, whereas fetal fats produced by these 
rats had average iodine numbers of 72.5 and 74.1. It may also 


TABLE II 
Iodine Values with Low Fat Diets 


Maternal fat Fetal fat 


Diet | Rat No. | Payson ard 
Range Range 
12 46 61.6 66.9 3 
13 47 65.6 72.0 8 
Protein 15 62 69.6 73.5 9 
16 67 70.2 82.1 5 
17 92 66.3 /61.6-70.2) 75.8 |66.9-75.8 8 
3 46 64.5 76.0 10 
4 46 62.9 70.5 8 
5 47 68.3 69.4 10 
6 48 63.9 68.2 3 
Starch 7 48 64.1 76.0 8 
8 49 63.8 71.7 6 
9 86 66.9 75.7 7 
10 51 66.2 69.9 6 
1 | 74 | 64.2 |62.9-08.3| 75.3 |68.2-76.0) 7 


be observed from Table II that the replacement of the protein in 
the low fat diet by an equivalent weight of carbohydrate had no 
marked influence on the character of the fetal fats so far as can be 
judged from their iodine numbers. 

Because of the composite nature of fats and the difficulties 
associated with their determinations, too great reliance cannot 
be placed upon mathematical deductions derived from iodine 
numbers. Nevertheless, with the data obtained in this investiga- 
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Fetal Fat. I 
tion, an attempt has been made to determine quantitatively the 
extent to which the fats of the fetal and maternal organisms are 
modified by the food fat under the conditions of this experiment 
(Table III). Although no completely saturated fat was fed, 
coconut oil approximates saturation sufficiently for practical 
purposes. For any specified diet, the increase in the iodine value 
for the food fat, maternal fat, and fetal fat above the values ob- 
tained with the use of coconut oil has been designated respectively 
AD, AM, and AF. If we take into account the average iodine 


TABLE III 
Effect of Food Fat on Fetal and Maternal Fat 
Degree of unsatu- 
Average iodine No. | (gig om 
coconut oil) 
4M AF AF 
os 2 2 | ap | ad | aw 
2/94 : 3 
i | 
8.0) 41.1/68.0 
33.0] 57.8/70.5) 25.0)16.7| 2.5) 0.67) 0.10) 0.15 
75.0) 79.0/76.4| 67.0/37.9| 8.4) 0.57) 0.13) 0.22 
95.0} 94.0/80.0) 87.0/52.9)12.0) 0.61) 0.14) 0.23 
Cottonseed oil........... 107 .0|102.0/81.8} 99.0/60.9/13.8| 0.62) 0.14) 0.23 
0.65) 0.12) 0.18 
Linseed oil............... 179 .0)139 .2/171 .0/97 .9/20.2) 0.57; 0.12) 0.21 
66.7|74.1 25.6) 6.1 0.24 


numbers, then Table III shows that the ratios AM/AD and AF/AD 
are fairly constant no matter what fats are considered. Given the 
iodine number of coconut oil and that of the adult and fetal fats 
obtained by feeding this oil, then the degree to which the lipids of 
the fetal and maternal organisms may be modified by food fat is 
a factor of the difference between the iodine number of the food fat 
and that of coconut oil. Under the conditions of the present 
investigation, this factor is 0.62 for maternal fat and 0.12 for fetal 
fat. The extent to which fetal fat is modified seems to be directly 
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proportional to the degree of unsaturation of the fat of the mother 
and it is interesting to note that for any given fat in the diets used 
in this study, fetal fat is modified about one-fifth as much as 
maternal fat (AF/AM = 0.20). This same relationship of fetal 
to maternal fats with respect to their differences from the iodine 
values obtained for the coconut oil diet was also observed for the 
low fat diets. Thus AF/AM for the starch diet was 0.19 and for 
the protein diet 0.24. 


DISCUSSION 


The striking point brought out by these results is the small 
range of variation which occurred in the iodine values of the fetal 
rat fat despite the diversity in the fatty acid make-up of the diets 
which nevertheless produced marked variations in the quality of 
the fat of the mothers. Even when diets were used in which 60 
per cent of the calories came from such different fats as coconut 
and linseed oils with iodine numbers of 8.0 and 179 respectively, 
the lowest iodine number obtained in the fetal fat was only 61.5, 
and the highest only 103. Thus in the lipids of the fetal rat a 
variation in the iodine numbers from 61.5 to 103 was observed 
under conditions which in the fat of the mother produced a varia- 
tion from 36.3 to 145. Even when diets which contained only 
small amounts of fat were consumed by the rats, fetal fat from such 
animals still had iodine values well within the above range (Table 
Il). It would seem, therefore, that the iodine numbers of the 
lipids of the fetal rat remain within well defined limits, notwith- 
standing the gross changes effected at the same time in the fat 
metabolism of the maternal organism. The diets used in this 
investigation differ sufficiently, both in quality of the fats and in 
their proportion of carbohydrate, fat, and protein, to warrant 
the conclusion that the possible range of variability in the iodine 
numbers of the lipids of fetal rat fat lies between 60 and 100. 
Within this latitude of variation, however, the fat of the diet— 
or the fat metabolism of the mother—does influence the character 
of the lipids of the fetus. 

Closely linked with the study of the correlation between fetal 
and maternal fats is the question of the transmission of fats 
through the placenta. This subject has recently been reviewed 
by Needham (11). For reasons already referred to, identification 
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of fats by means of dyes is unsatisfactory. Several investigators 
have also studied this problem from the point of view of the 
quantitative relationships of the blood fat in the mother and fetus 
(20-23). It seems well established from their work that the con- 
centration of fat in the blood of mother and fetus differs considera- 
bly. A dissimilarity in the amount of fat in the bloods of maternal 
and fetal organisms does not rule out the possibility of lipid trans- 
mission through the placenta. Of more significance in this regard 
are the observations of Wesson (10). Although recognizing the 
possibilities of either selective action on the part of the placenta, 
or of transmission of fat as such and its later modification by the 
fetus, this worker is inclined to believe that the fetus synthesizes 
its fats de novo from non-fat precursors. His conclusions are 
based on the constancy of the amounts of the highly unsaturated 
fatty acids present in the fetal tissue obtained from rats fed such 
widely differing fats as butter and cod liver oil. The results of 
the present investigation, however, indicate that as far as the high 
fat diets are concerned, modification of fetal fat may occur within 
limits as the result of the dietary fat. It must be remembered 
that Wesson fed his rats fat to the extent of 5 per cent of the diet, 
while in the present investigation fat constituted 40 per cent of 
the weight of the diets. On the other hand, our observations do 
not rule out the possibility of a synthetic fat formed in the fetus, 
but they do make more suggestive the possibility that transmission 
of fat through the placenta does occur, and that once within the 
fetal organism, a qualitative transformation of this fat is effected. 
Indeed, such a mechanism might explain the comparatively nar- 
row range of the iodine numbers, namely 61.5 to 103, within 
which all fetal fats lie, in spite of gross variations in the food fat, 
and also the variations in the fetal fat observed within this narrow 
range. This view, of course, assumes that the fetal organism is 
capable of a metabolic transformation of fat, a view which seems 
to be substantiated by the experiments of Imrie and Graham (24), 
who found that near term there is a marked rise in the fatty acid 
content of the livers of guinea pig embryos. There is as yet little 
evidence which supports the theory of selective transmission of 
fats by the placenta. If the available evidence is taken as a whole, 
it would seem, therefore, that fetal rat fat is not the result of the 
transmission across the placenta of dietary fat in an unaltered form. 
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The results of the present investigation on rats stand in apparent 
contradiction to those obtained on rabbits by Bickenbach and 
Rupp (15). The latter claim that rabbits in which the subcu- 
taneous fat had been brought to a high degree of desaturation by 
means of a linseed diet delivered young, the fat of which had iodine 
values comparable to that of the subcutaneous fat of the mother. 
At first sight it might appear that we are dealing here with a 
species difference. More observations with other animals are 


obviously necessary. 
SUMMARY 


Before and after impregnation, female rats were fed with fats 
of varying degrees of unsaturation to the extent of 40 per cent of 
the weight of the diet. Although marked variations in the degree 
of unsaturation of maternal fats were produced, as shown by 
iodine numbers ranging from 36.3 to 145, the iodine values for 
fetal fat lay within the limits of 61.5 to 103. Within this range of 
iodine values the results indicate that fetal fat is dependent upon 
the degree of unsaturation of the food fat or of the maternal fat. 

Fat obtained from fetuses whose mothers were fed low fat diets 
gave average iodine values of 74.1 and 72.5. No difference in 
the degree of unsaturation of fetal fat was observed whether the 
low fat diets were high in protein or high in carbohydrate. 

The factors involved in keeping fetal rat fat within this range 
of unsaturation are discussed. 
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It is now well recognized that the calcium in serum exists in at 
least three forms and that each of these may have a different phys- 
iological significance. The classical experiments of Rona and 
Takahashi in 1911 (1) demonstrated that one fraction of the cal- 
cium is not diffusible through semipermeable membranes. The 
amount of this fraction, which is considered to be bound to the 
proteins of the serum, has been variously estimated to be from 3 
to 6 mg. per 100 cc. Of the 4 to 7 mg. of diffusible calcium only 
about 2 mg. are thought to be ionized. This figure was obtained 
by Neuhausen and Marshall (2) by an electrometric method; 
while inaccurate because of technical procedures, it nevertheless 
coincides fairly well with the determinations and calculated esti- 
mations of others (3-14). 

The form of the remaining 2 to 5 mg. of calcium per 100 cc. of 
serum is least well understood. Different workers, approaching 
the subject from various points of view, have expressed the opin- 
ion that a portion of the calcium is present in serum in the form of 
a diffusible, only slightly ionized, complex (8, 15-17). By means 
of electrophoresis experiments, Bernhard and Beaver (18) demon- 
strated that some of the calcium of the serum migrates toward 


* This work was aided by the Research Grant from The Chemical Foun- 
dation, Inc., to the Department of Biological Chemistry. 

t The data in this paper are taken from a thesis submitted by Helen 
Rivkin Benjamin in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in the Faculty of Pure Science, Columbia Univer- 
sity. 
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the anode and must therefore be part of a negatively charged 
compound. Klinke (19, 20), using ultrafiltrates, obtained similar 
results and extended these studies by the use of barium sulfate 
and tricalcium phosphate, which he found able to adsorb a portion 
of the calcium in serum and ultrafiltrates. Since a similar result 
was not obtained when a negative adsorbent, e.g. kaolin, was used, 
he concluded that the adsorbable calcium complex is negatively 
charged and corresponds to the fraction of calcium which migrates 
to the anode during electrophoresis. The evidence concerning the 
charge, however, is not entirely conclusive since adsorption also 
occurred with aluminum hydroxide, which is a negative adsorbent. 
The work of Klinke has been confirmed by others (21-23). 

The present investigation was undertaken for the purpose of 
obtaining further information regarding the partition of serum 
calcium under various physiological and pathological conditions. 
The values obtained from analyses of normal sera and their ul- 
trafiltrates have been compared with those from similar observa- 
tions on cases of rickets. An opportunity was also afforded for 
the study of a few instances of hypercalcemia, of various bone 
diseases, of tetany, and of other conditions in which calcium may 
be involved. 

Procedure 


The experiments were carried out according to the following 
plan. The serum was divided into three portions. The first was 
used for determination of calcium, phosphorus, and, wherever 
possible, protein. The second portion was shaken with dry ba- 
rium sulfate and the amounts of calcium and phosphorus adsorbed 
were determined by analysis of the supernatant fluid obtained by 
centrifuging. The third portion was subjected to ultrafiltration. 
After removal of aliquot samples for calcium and phosphorus de- 
terminations, the adsorbability of the calcium and of the phos- 
phorus in the ultrafiltrate was determined. From the data thus 
obtained the calcium and inorganic phosphorus partitions were 
computed. 

Methods 


Calcium and phosphorus were determined on the same sample by 
the method of Gunther and Greenberg (24), precipitation being 
carried out overnight in the ice box. 
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Protein was estimated by the colorimetric method of Greenberg 
(25). In the analyses of dog blood it was necessary to determine 
the proper factor for the tyrosine equivalent in this species. The 
factor obtained, from control analyses by the Kjeldahl method, 
was 17.27. 

Since the permeability of collodion membranes depends largely 
on the conditions under which they are constructed and employed, 
an effort was made to standardize the technique of ultrafiltration 
in every detail. The collodion solution used was a7 per cent ether- 
alcohol solution of Schering’s collodion, made in accordance with 
the method of Greenberg and Gunther (26). It was stored in the 
ice box in a tightly sealed glass-stoppered bottle. Before being 
used it was allowed to stand for at least an hour at room tempera- 
ture since membranes made of cold collodion are often fragile. 
On the other hand, if the room temperature is much above 26°, 
the membranes sometimes permit the passage of proteins. 

The membranes were made and tested according to the technique 
of Northrop and Kunitz (27) with certain modifications. The 
collodion solution was carefully pipetted into clean, dry test- 
tubes, 73 mm. long and 14.5 mm. in diameter, to the level of a 
calibration mark at 2 cc. Care was taken to avoid touching the 
sides of the tube with the collodion. The tubes were quickly 
closed with rubber stoppers and allowed to stand until the bubbles 
had completely disappeared from the solution. The stoppers were 
then removed and the tubes rotated mechanically at 10 R.P.M. 
on an exactly horizontal axis, rotation being started when the 
collodion had just reached the rim of the tube. In order to elimi- 
nate the effect of changes in humidity which have been found to 
vary the degree of permeability of collodion membranes, a stream 
of air, dried over sulfuric atid and calcium chloride, was blown 
into the revolving test-tubes, after they had been rotating for 1 
minute. The air, at a pressure of 1 em. of mercury, was passed 
through capillary tubes which were inserted a distance of 3.5 em. 
into the mouths of the rotating test-tubes, which were allowed to 
spin for 15 minutes longer. They were then removed from the 
rotator and immersed in distilled water for at least 5 minutes, 
after which the collodion sacs were easily removed. After the rims 
had been trimmed, the membranes had a capacity of about 6 ce. 

Each membrane was tested to determine the rate of flow of water 
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through it. The apparatus used for this purpose consisted of an 
automatic burette, approximately 1 meter in length, near the top 
of which was attached arule. The latter, which served as a gradu- 
ated scale, was so placed that its highest marking was 92 cm. from 
the bottom of the burette. The collodion sac containing 5 ce. of 
water was tied around a rubber stopper fitted over the tip of the 
burette about 2.5 cm. from the lower end, the tip of the burette 


= 


Fia. 1. Ultrafiltration apparatus. A = 50 cc. flask containing saline 
solution B; C = rubber stopper over which glass tube D fits; H = glass vial 
containing mercury H, the weight of which just balances the column of 
mercury in the manometer F (180 mm.). If the air pressure in the system 
were to increase suddenly, Z would be blown away from C and release the 
pressure. G = collodion membrane containing serum; U = ultrafiltrate; 
S = safety flask. 


dipping below the surface of the water in the membrane. With 
the level of the water in the burette at the top of the scale, the 
stop-cock was opened and a reading taken of the level to which 
the water immediately dropped as a result of the stretching of 
the membrane. Exactly 10 minutes later the stop-cock was 
closed and a second reading was made. The limits of variability 
permitted for satisfactory membranes were arbitrarily chosen as 
from 9 to 12 mm. difference in water levels in 10 minutes. In ac- 
tual practice a large majority of the membranes used showed ex- 
actly 10 mm. difference. 
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The sacs were stored in the ice box in distilled water containing 
a little chloroform. Before they were used, it was found advis- 
able to allow them to warm slowly to room temperature, since 
otherwise they sometimes developed tiny leaks. 

Ultrafiltration was carried out at a positive pressure of about 180 
mm. of mereury. The pressure was effectively kept constant by 
means of the apparatus shown in Fig. 1.1. This apparatus also 
served to minimize evaporation from the serum during filtration. 
Evaporation from the ultrafiltrate was prevented by means of 
small flasks of saline solution (A, Fig. 1). 

The first few drops of ultrafiltrate obtained were blotted from 
the outside of the sac in order to avoid dilution of the filtrate by 
the water contained in the pores of the membrane. Ultrafiltra- 
tion was carried out for 3 hours, during which time about 3 cc. of 
filtrate were collected. 

The ultrafiltrates were tested for the presence of protein and 
only those giving a negative biuret test were used. Occasionally, 
when insufficient serum was available, no biuret test could be 
made. In such cases the presence of protein in unsatisfactory 
ultrafiltrates was detected when the trichloroacetic acid was 
added in the phosphorus determination. 

The accuracy of the method of ultrafiltration was tested in a 
variety of ways. Filtrations of (1) solutions of completely filtrable 
calcium and phosphorus salts, and (2) such solutions added to 
serum, were carried out, with satisfactory recovery of calcium 
and phosphorus. (3) Analyses of the ultrafiltrates were made 
after varying periods of time. It was found that the concentra- 
tions of calcium and phosphorus in the ultrafiltrate remain con- 
stant for as long as 16 hours. (4) An analysis of the variability of 
the results in duplicate ultrafiltrations was made. Thus, in a 
series of 50 ultrafiltrations selected at random, the average differ- 
ence between duplicate determinations was 5.0 per cent. Five 
ultrafiltrations were carried out on one sample of serum. The 
greatest deviation from the average of the calcium determinations 
made on each of these ultrafiltrates was 8 per cent.” 


1 We are indebted to Dr. G. L. Foster who devised this apparatus. 
* The error of the calcium and phosphorus methods, judged by recovery 
of known solutions added to serum, is 3 per cent. However, when applied 
to inorganic solutions with a calcium content of 5 mg. or less per 100 cc., 
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TABLE I 
Average Determinations of Calcium and Inorganic Phosphorus in Normal 
Sera and Ultrafiltrates of Various Species* 
The results for calcium and phosphorus are given in mg. per 100 cc. 


Calcium Phosphorus 
Species Total Adsorbable Total Adsorbable | Protein 
Serum filtratet Serum Serum Serum 
per cent 
Human 10.9} 5.7| 4.7] 3.6] 42] 4.2] 2.9] 2.5] 7.6 
adults 
Human in- 10.8; 5.6); 6.9] 6. 4.7| 4.5| 6.4 
fants (7.3))(12.2)| (16.6)|(12.2)| (7.0)| (10.4)) (14.7) (15.3) 
Rat, imma- 11.0 6.2 6.4 3.9 | 10.1 


9 

ture (4.6)|(11.3)) (8.3)|(19.1)}(10.9)) (7. 

Dog, mature | 11.0| 6.2] 4.7] 5.4] 5. 
(5.1)| (9.8)| (12.8)| (11.8)| (24.6)| (22 


7 

4 

4| 5.3| 48| 5.0f 
8 

1} 3.2] 3.1| 7.4 
2 


* Figures in parentheses indicate coefficients of variation. These were 
not computed for adult human serum, since this series included only four 
individuals. For human infants the figures are based on seventeen obser- 
vations; for rats, on observations on twenty-five groups comprising 170 
animals; and for dogs, on 73 observations. 

¢ The ultrafiltrate values were corrected for the volume of the serum 
proteins. The corrected results are in terms of 100 cc. of serum and can 
be compared with the values for total serum. The factor for this correc- 
tion was calculated from the serum protein concentrations and the specific 
volume of serum proteins (0.75) (28). The formula applied was (corrected 

100 


value) = (observed value) X 
t From Donaldson (29). 


100 + (0.75 X per cent serum protein) 


The barium sulfate was made as follows:? 400 cc. of a saturated 
solution of barium nitrate were diluted with 800 cc. of distilled 


the error of the calcium determination was found to be from 8 to 10 per cent. 
In interpreting the results of analyses on ultrafiltrates, therefore, the values 
are considered to be correct within 10 per cent. It should be remembered 
that this large error is due to the calcium and phosphorus determinations 
and not to the process of ultrafiltration. 

? In the method described, equivalent amounts of barium nitrate and of 
sulfuric acid are used. It was found, however, that the adsorptive capac- 
ity of the barium sulfate remained unaltered when this was prepared in the 
presence of a large excess of either barium nitrate or sulfuric acid. 
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water. To this were added 80 cc. of 10 per cent sulfuric acid. 
The mixture was heated to the boiling point and kept at this tem- 
perature for 30 minutes. It was then allowed to cool and the su- 
pernatant fluid decanted. The barium sulfate was washed with 
large volumes of water until the wash water was neutral to litmus. 
The salt was then collected, on filter paper, dried overnight in an 
oven at 100°, ground to a fine powder, and stored in a desiccator 
for several days before use. Thorough desiccation was found to 


TABLE II 
Calcium and Inorganic Phosphorus Partitions in Normal Sera 
The results for calcium and phosphorus are given in mg. per 100 ce. 


Calcium Phosphorus 
H Adsorbable ce 
4 3! 
4) 
@ | @|@ | Silaie« 
per 
cent 
Human adults......... 10.9} 4.1 | 4.7) 3.6) 1.1 | 2.1 | 4.2) 2.9] 1.3) 7.6 
10.8] 3.6 | 3.9, 1.6 | 1.7 | 6.9] 4.7| 2.2) 6.4 
Rat, immature......... 11.0) 2.3 | 6.4) 3.9} 2.5 | 2.3 |10.1) 5.3) 4.8) 5.0 
Dog, mature........... 11.0) 3.8 | 3.7) 1.0 | 2.5] 5.4) 3.2) 2.2) 7.7 


* The “protein-bound”’ calcium was obtained as follows: ‘“‘protein- 
bound” Ca = total Ca — (corrected filtrable Ca + non-filtrable, adsorbable 
Ca (Column 5)). 


be necessary before constant results could be obtained; the checks 
on duplicate adsorptions were then excellent and the results ob- 
tained with different batches of barium sulfate were identical. 

The technique of adsorption differed from that of previous in- 
vestigators in that much larger amounts of barium sulfate were 
used (40 per cent instead of the usual 10 per cent) so that constant, 
maximal values for adsorption were obtained. The choice of the 
proper amount of adsorbent as well as of the optimum time of shak- 
ing was made on the basis of the data summarized in Table III. 
These are discussed in the section on “Normal serum.” 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. C, NO. 1 


— 


1 
i 
8 
XUM 


34 Ca and Inorganic P of Serum. I 


To 1.5 ce. of serum or ultrafiltrate, 600 mg. of barium sulfate 
were added. The mixture was shaken vigorously in a mechanical 
shaker for 2 hours and then centrifuged. Just sufficient clear su- 
pernatant fluid could be decanted to allow 1 cc. to be used for 
determining calcium and phosphorus. With ultrafiltrates two 
centrifugings were necessary before all of the barium sulfate was 
removed. 


Normal Serum 


Ultrafiltrable Calcium and Phosphorus—Table I presents the 
averages of all the data obtained from analyses of normal sera of 
various species. In Table II the calcium and inorganic phos- 
phorus partitions are calculated from these data. It was necessary 
to correct the figures on ultrafiltrates for the volume of the serum 
proteins. The observations of Neuhausen and Pincus (30) and 
of Greenberg and Gunther (26) who have demonstrated the exist- 
ence of a membrane distribution for the chlorides of serum during 
ultrafiltration suggest the necessity of a second correction of the 
calcium and phosphorus figures for the Donnan effect. Such a 
correction is, of course, applicable only to the ionic forms of these 
elements. The desirability of applying it to the total ultrafiltrable 
calcium and phosphorus values is exceedingly doubtful. There is 
no method at the present time by which the ionized fractions can 
be accurately determined. Furthermore, a large fraction (ap- 
proximately two-thirds) of the ultrafiltrable calcium and phos- 
phorus is present as a complex concerning which neither the charge 
nor the degree of dissociation has been determined. 

It is of interest that all of the figures for calcium in the ultra- 
filtrates (Table I) are approximately the same. Within each 
series, however, the variation in the values for the calcium of the 
ultrafiltrates is large as compared to that for the total calcium of 
the corresponding sera. 

Comparison in Table I of the phosphorus concentrations in the 
sera and ultrafiltrates indicates that this element is completely 
ultrafiltrable. This is in agreement with the results of others (31, 
32). 

“‘Protein-Bound” Calcitum—The term “protein-bound” calcium 
is usually applied to that fraction of the calcium of serum which is 
not diffusible. That this fraction is actually combined with pro- 
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tein has not been satisfactorily demonstrated. The idea has 
arisen largely because it is known that proteins decrease the 
diffusibility (33) and increase the solubility (4, 7, 34) of calcium, 
and because of the relation of calcium and protein in certain patho- 
logical conditions (35, 36). In the present study no experiments 
have been performed to test the validity of this assumption. The 
term “‘protein-bound”’ calcium is here used to designate the frac- 
tion of the calcium of the serum which is not ultrafiltrable and is 
not adsorbable by barium sulfate (Table II). It is noteworthy 
that in this fraction of the calcium there is a greater variation in 
the serum of different species than in the ultrafiltrable fraction 
and that the values for the “‘protein-bound” calcium vary roughly 
with the total protein concentration. 

Adsorbable Calcium and Phosphorus—The values presented in 
Table I for the adsorbed calcium are considerably higher than 
those found by other workers (19, 22). Experiments undertaken 
to ascertain the adsorbability of phosphorus from serum by means 
of barium sulfate have not previously been reported, and the only 
information bearing on the subject is to be inferred from the 
findings of Sendroy and Hastings (8) and Holt, La Mer, and 
Chown (4), who showed that small amounts of phosphorus, in 
addition to large amounts of calcium, are removed from serum 
when it is equilibrated with tricalcium phosphate. These investi- 
gators regarded their results in the light of precipitation phenomena, 
but it was pointed out by Klinke (20) that the experiments could 
be more readily interpreted as instances of adsorption. The data 
obtained in the present investigation (Table I) lend support to 
the latter view, as large amounts of phosphorus are shown to be 
adsorbable by barium sulfate. That all of the so called inorganic 
phosphorus of the serum is not present in ionic form has previously 
been demonstrated by Eichholtz and Starling (37), Brull (38), 
and Greene and Power (39) who have described a “‘colloidal’’ form 
of inorganic phosphorus. The observation (40-42) that the 
phosphorus content of various body fluids is disproportionately 
low compared to that of the serum has also been cited as evidence 
for the “‘colloidal” nature of a part of the phosphorus of serum. 

The explanation of the high values for the adsorbable calcium 
which were obtained in the present investigation is, as has already 
been mentioned, that sufficient barium sulfate was used to insure 
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complete removal of the adsorbable substances. The data upon 
which the choice of the proper amount of adsorbent was based 
are summarized in Table III. It is seen that when 10 per cent 
barium sulfate is used for adsorption, the amounts of calcium and 
phosphorus removed from the serum continue to increase with 
time until at 2 hours a point of equilibrium is reached. There- 
after no further adsorption of either calcium or phosphorus oc- 
curs. That this cessation is due to exhaustion of the barium sul- 
fate rather than to complete removal of the adsorbable calcium 
and phosphorus is indicated in the last four lines of Table III. 
Here it may be noted that barium sulfate previously used in 10 
per cent concentration had lost its ability to adsorb calcium and 
phosphorus when placed in fresh serum. On the other hand, 
when sufficient barium sulfate was used (40 per cent) approximate 
equilibrium was reached in 2 hours as a result of the complete 
removal of the adsorbable calcium and phosphorus. When a 
second sample of fresh serum was added to the same barium sul- 
fate, the adsorbent was shown to be still active. 

The degree of filtrability of the adsorbable fraction of the cal- 
cium of serum may be deduced from the observation (Table I) 
that the calcium is adsorbed always in slightly greater amounts 
from the serum than from the corresponding ultrafiltrate. This 
difference, though small, is apparent not only in the average figures 
but was found in 91 per cent of the total number of individual 
cases studied. Moreover, for each species, it is 2 or more times 
the probable error of the difference between the average values for 
the calcium adsorbed from the serum and from the ultrafiltrate.‘ 
Statistically, it may therefore be regarded as a real entity. In ad- 
dition, this difference in the amounts of calcium adsorbed from 
the serum and from the ultrafiltrate cannot be explained on the 
basis of (1) changes in pH, or (2) shifts in equilibrium, taking 
place during the course of the determinations. (1) The pH of 
ultrafiltrates was found to be about 8.0 or higher. The amounts 
of calcium and phosphorus adsorbed were not increased when 
parallel adsorptions were carried out on portions of the ultrafil- 
trates which were maintained at pH 7.45 throughout the experi- 
ment by means of alveolar air. (2) Shifts in equilibrium between 


4 The probable error was calculated according to the formula, probable 
error (M, M:) = 0.6745 (6M;)? (5M2)? (43). 


TABLE III 
Effect of Variations in Conditions of Adsorption 
Barium sulfate Serum calcium Serum phosphorus 
Amount Sat Total Adsorbed Total Adsorbed 
per cent min. per 100 cc. | mg. per 100 ce. | mg. per 100 cc.| mg. per 100 ce. 
10 10 11.1 1.9 4.9 1.4 
10 30 11.1 2.8 4.9 1.8 
10 70 11.1 2.8 4.9 1.9 
hrs. 
10 2 11.1 3.2 4.9 1.9 
10 2 11.3 3.1 4.0 1.7 
10 6 11.3 3.3 4.0 1.5 
10 8 11.3 3.4 4.0 1.6 
10 11 11.3 3.0 4.0 1.6 
10 22 11.3 3.4 4.0 1.7 
10 24 11.3 3.0 4.0 Be 
10 2 11.1 3.2 4.9 1.9 
20 2 11.1 4.4 4.9 2.9 
40 2 11.1 5.3 4.9 3.4 
60 2 11.1 5.3 4.9 3.5 
40 2 12.1 6.2 
40 8 12.1 5.6 
70 2 12.1 5.2 
10 2 10.6 2.5 
30 2 10.6 4.1 
40 2 10.6 4.3 
60 2 10.6 4.1 
70 2 10.6 4.7 
40 2 11.0 5.5 4.8 3.0 
80 2 13,0 - 6.2 4.8 3.5 
80 4 11.0 6.2 4.8 2.8 
40 7 10.6 5.5 
60 7 10.6 5.5 
10 2 10.6 2.5 
10* 5 10.6 0.6 
40 2 10.6 4.3 
40* 5 10.6 4.3 
* The first sample of serum was removed and the barium sulfate was 
reshaken with a fresh sample of serum. 
37 
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the various forms of calcium, if they occur during the 3 hour ultra- 
filtration period, would tend to increase, rather than decrease the 
concentration of adsorbable calcium in the ultrafiltrate, since 
removal of the filtrable forms from within the sac would tend to 
shift the equilibrium toward their increased formation. For all 
of these reasons it seems probable that the small difference in the 
amounts of calcium adsorbed from the serum and from the ultra- 
filtrate represents a separate form and that the adsorbable complex 
consists of two fractions, filtrable and non-filtrable (Table IT). 

From Table I it is evident that, like the calcium, the phosphorus 
appears to be adsorbed from the serum in greater amount than 
from the ultrafiltrate. In the phosphorus determinations, how- 
ever, the difference was always less than the probable error and is 
therefore considered not to be significant. 

Nature of Adsorbed Calcium—lIn order to gain information re- 
garding the nature of the calcium adsorbed by barium sulfate, ad- 
sorption experiments were repeatedly carried out with aqueous 
solutions of various calcium salts in dilutions of about 10 mg. of 
calcium per 100 cc. The following salts were used: calcium chlo- 
ride, calcium phosphate, and calcium gluconate. In no case did 
any adsorption result when these solutions were shaken with 
barium sulfate in the usual manner. Thus it may be deduced 
that the adsorbable calcium in the serum is not in the form of 
simple calcium ion. Moreover, since the adsorbable calcium of 
the serum is almost completely diffusible, it does not correspond 
to the “protein-bound”’ fraction. 

The behavior of known calcium complexes was next subjected 
to study. It has been shown by numerous investigators (8, 17, 
45, 46) that the calcium in calcium citrate is bound in a soluble 
diffusible complex. Von Kuthy and Banga (21) have found, 
also, that tricalcium phosphate can be made soluble by means of 
sodium salicylate and that the calcium so dissolved is in an un- 
dissociated, partly diffusible complex. Adsorption experiments 
with these complex forms of calcium, however, yielded negative 


5 In Paper II of this series it is demonstrated that a shift in the equilib- 
rium involving the formation of the filtrable adsorbable type of calcium is 
established very slowly. Wendt and Clarke (44) and also Holt, La Mer, and 
Chown (4) have previously shown the delay in equilibrium involved in the 
precipitation of tricalcium phosphate. 
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results. Moreover, when sodium citrate was added to serum, a 
marked reduction in the adsorbability of calcium and phosphorus 
resulted. 

Neither parathormone nor irradiated ergosterol, when added to 
serum, exerted any effect on the adsorbability of the calcium or 
phosphorus. These results are of interest in connection with the 
suggestion of Sendroy and Hastings (8) and of Greenwald (16) 
that the diffusible, undissociated portion of the calcium of serum 
may be bound in complex form by the parathyroid hormone. 

A point of interest which is brought out in the data presented 
in Table III is the fact that maximum adsorption of both the cal- 
cium and phosphorus of serum occurred under very nearly the 
same conditions. From this it would appear that the phosphorus 
may be contained as an integral part of the filtrable calcium com- 
plex. That there is a relationship between the calcium adsorbed 
and the phosphorus present in serum is further indicated by the 
fact that the amount of adsorbable calcium varies, roughly, with 
the total phosphorus in the serum as well as with the phosphorus 
adsorbed. Thus, in human adults, where the total (and adsorbable) 
phosphorus was lowest, the filtrable, adsorbable calcium was also 
lowest, whereas in rats all three values were the highest in the 
series. The ratio of the calcium to phosphorus adsorbed is, how- 
ever, different in the four averages obtained for the different 
species. A partial explanation for this discrepancy may lie in the 
fact that barium sulfate is able to adsorb phosphate ion in the 
absence of calcium. Thus, when a solution of potassium phos- 
phates was shaken with barium sulfate, about one-third of the 
phosphorus was removed from the solution. 

This fact, however, does not militate against the conception of 
a calecium-phosphorus complex in serum, as is evident from the 
following considerations. It has been demonstrated (47) that 
when two substances are simultaneously adsorbed, a mutual dis- 
placement occurs, so that each is less strongly adsorbed from the 
mixture than from pure solution. Furthermore, the substance 
which is more strongly adsorbable in pure solution tends to dis- 
place the one less strongly adsorbable. In the present instance, 
the amount of ionized phosphate adsorbed from serum (in the 
presence of the more strongly adsorbable calcium complex) should, 
according to this view, be less than that adsorbed from a simple 
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phosphate solution. Since the opposite result was obtained, the 
phosphorus actually adsorbed from serum amounting to about 60 
per cent of the total, the conclusion is warranted that a large por- 
tion of the adsorbed phosphorus was removed in a complex form 
combined with calcium. It is therefore probable that the ad- 
sorbed fraction of the serum phosphorus contains a portion of the 
ionic, as well as all of the bound, phosphorus. Variations in the 
amount of the former may be responsible for the differences in 
the ratios of calcium to phosphorus adsorbed in the different 
species. It is also probable that the values for ionic phosphorus 
given in Table II are lower than the true values. 


Serum in Rickets 


Because the total calcium in the serum in typical human rickets 
is known to be present in normal amounts, the possibility of a 
significant alteration of the calcium partition in this disease has 
been largely neglected. The necessity for investigating the forms 
of the calcium in the serum becomes apparent, furthermore, on 
considering a number of seemingly discordant facts relating to 
this disease. Thus, in many species, e.g. dogs, chickens, monkeys, 
in contrast to human beings, the common type of rickets is charac- 
terized by a low concentration of total calcium in the serum. Yet 
in other respects, the disease in these animals resembles human 
rickets. In human rickets, furthermore, the retention of calcium 
in the body is diminished. When this loss of calcium is improved 
by the ingestion of increased amounts of calcium and phosphorus, 
e.g. by the consumption of large quantities of milk, no beneficial 
effect on the disease ensues. When an antirachitic agent is given, 
however, the correction of the calcium balance is accompanied by 
cure of the rickets. Again, tetany is regarded as a disorder asso- 
ciated with some disturbance in calcium equilibrium such as re- 
sults from alkalosis or from the changes following extirpation of 
the parathyroid glands. Despite this fact, human rickets, a dis- 
ease in which no definite change in the calcium of the serum is 
recognized, constitutes the usual precursor of tetany. Finally it 
may be mentioned that although the level of the total serum cal- 
cium may be raised by both parathyroid extract and irradiated 
ergosterol, the former has no antirachitic power, whereas the latter 
is the most potent curative agent known. All of these observa- 
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tions suggest that in rickets the calcium is qualitatively altered 
even though it is quantitatively normal. In the present study 
such a qualitative alteration has been demonstrated. 

Material—Experimental rickets was induced in 4 week-old rats 
by the usual procedure. After the rachitogenic ration (McCol- 
lum Diet 3143 (48)) had been given for 3 weeks, Roentgenograms 
were taken and the animals were divided into groups which were 
similar to each other in the degrees of rickets they represented. 
No animals showing signs of healing were included. The normal 
control rats were of the same age but were fed Bills’ diet (49) for 3 
weeks. 

For the induction of rickets in puppies Mellanby’s low calcium 
diet (50) was employed. The control puppy was a litter mate fed 
the same diet but protected against rickets by means of irradiated 
ergosterol (viosterol). 

Experimental Rickets in Rats—Table IV contains the experi- 
mental data for rickets in rats. Both the total calcium in the 
serum and the total ultrafiltrable fraction are only slightly lower 
in the rachitic groups than in the controls. The values in all 
cases fall within the accepted limits of the normal. This is in 
agreement with the report of von Meysenbug and McCann (51) 
who studied the diffusibility of calcium in the serum in human 
rickets and concluded that no change in this fraction of the cal- 
cium occurs. 

The phosphorus, though reduced in total amount in the sera of 
the rachitic groups, was completely filtrable throughout. 

Adsorbable Calcium—aA striking deviation from the normal is 
at once apparent, in Table IV, in the figures for adsorbable calcium 
in the serum of the rachitic-animals. In every experiment which 
was performed this fraction was distinctly smaller in the rachitic 
group than in the corresponding normal control group, the aver- 
age values being 3.8 and 6.4 mg., respectively, per 100 cc. In the 
case of the filtrable adsorbable form, the average corrected value 
was 2.7 mg. per 100 cc. in rachitic rat serum as contrasted with 
4.5 mg. for the controls, while the values for the non-filtrable 
adsorbable fraction were 1.1 and 1.9 mg. respectively. Thus the 
total adsorbable calcium was reduced by 41 per cent in the rachitic 
animals, the filtrable complex was reduced by 40 per cent, and the 
non-filtrable complex by 42 per cent. Since there is such a marked 


TABLE IV 


Calcium and Phosphorus Partition in Serum of Rachitic and Normal Rats 


The results are expressed in mg. per 100 cc. 
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diminution in the amount of adsorbable calcium in rickets while 
the total calcium and the filtrable calcium remain unaltered, it 
follows that the remaining fraction which contains the ionic cal- 
cium must be abnormally large. Although there are no methods 
at present for ascertaining with accuracy the extent to which the 
ion-containing fraction represents the actual amount of ionized 
calcium, an increase which approximates that indicated by our 
experiments would be expected on theoretical grounds (20). These 
involve considerations of the solubility product and the fact that 
the serum phosphorus is reduced in rickets. The “protein-bound” 
fraction of the calcium is calculated as the difference between the 
total calcium and the sum of the non-filtrable, adsorbable, and 
the total filtrable fractions. In rickets, the values for total and 
filtrable calcium are normal, that for non-filtrable, adsorbable 
is reduced (Table VII); whence “protein-bound” calcium is in- 
creased. 

There is, therefore, a profound alteration of the calcium partition 
in rickets. The figures representing the change which takes place 
in this disease may be found in Table VII. The question natu- 
rally arises as to the relation of the shift in equilibrium of the cal- 
cium in the serum to the disturbance in bone calcification typical 
. of rickets. This subject is more fully discussed in Paper II. 

Adsorbable Phosphorus—As in the normal animal, the adsorb- 
able phosphorus of the serum in rickets was found to be completely 
filtrable (Table IV). The degree of reduction of this fraction in 
the serum is, moreover, directly proportional to the diminution 
in the amount of the total phosphorus. From the values in Table 
IV it is seen that while the total phosphorus was reduced by 61 
per cent, the reduction in the adsorbable fraction was 57 per cent. 
Thus, there is no qualitative alteration of the phosphorus in the 
serum comparable to that involving the calcium. The entire 
disturbance of phosphorus is therefore quantitative. 

The effects of different therapeutic agents were studied on 
rachitic rats in 10 day curative experiments which are summa- 
rizedin Table V. All three antirachitic agents, cod liver oil, ultra- 
violet light, and irradiated ergosterol (viosterol), caused a rise in 
the adsorbable fractions of the serum calcium, as well as in the 
total and adsorbable inorganic phosphorus. It is interesting to 
note in this connection that just as there appears to be a parallel- 
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ism, in general, between the amount of adsorbable calcium and 
the height of the inorganic phosphorus level in the normal sera of 
various species (Table I), a similar relationship holds in healing 
rickets. Thus the sequence cod liver oil < ultra-violet light < ir- 
radiated ergosterol (viosterol) represents the order of effectiveness 
of the therapeutic agents in elevating the phosphorus in the serum 
as well as adsorbable calcium. 

In contradistinction to these results an experiment may be 
cited in which 10 units of parathyroid extract (parathormone, 
Collip, Eli Lilly and Company) instead of an antirachitic agent 
were administered daily for 10 days to a group of nine rats suffer- 
ing from rickets. No hypercalcemia resulted; in sone instances 


TABLE VI 


Effect in Vitro of Addition of Potassium Acid Phosphate on Adsorbable Cal- 
cium and Inorganic Phosphorus of Serum of Rachitic* Rats 


Calcium Phosphorus 
Total Adsorbable Total Adsorbable 


No. of animals Added 
in group phosphorus 


mg. per 100 cc. | mg. per 100 ce.| mg. per 100 cc.| mg. per 100 cc. 


13 None 10.2 3.3 5.7 2.6 
KH,PO, 10.2 4.5 11.7 4.8 
10 None 10.3 4.4 5.8 2.8 
KH.PO, 10.3 5.8 11.8 6.0 


* Indicated by Roentgenogram. 


a slight increase in the ion-containing fraction was found, but 
this was accompanied by a corresponding decrease in the adsorb- 
able calcium. 

Relation of Phosphorus to Adsorbable Calcium—lIn order to study 
further the relationship between the adsorbable calcium and the 
total phosphorus of the serum, the effect on the calcium partition 
of the addition in vitro of potassium acid phosphate to the serum 
of rachitic rats was investigated. The experiments are summa- 
rized in Table VI. It is evident that the artificial elevation of the 
total phosphorus from the rachitic to the normal level resulted 
in an increase in the total adsorbable calcium (at the expense of 
the fraction containing the ionized calcium). From a considera- 
tion of these results there seems to be little doubt that the abnor- 
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mal calcium partition in the serum in rickets is intimately bound 
with the low levels of the total and adsorbable phosphorus. Never- 
theless, it should be recalled that no constant ratio of calcium to 
phosphorus adsorbed could be found. | 

Infantile Rickets—An attempt was made to ascertain whether 
the disturbances in calcium partition observed in the rickets of 
rats occur, likewise, in human rickets. Owing to the scarcity 
of untreated cases it was possible to study only two babies suffer- 
ing from florid rickets. The figures on a third rachitic child were 
also obtained; this was a case of delayed rickets in which the dis- 

TABLE VII 
Calcium and Inorganic Phosphorus Partitions in Serum in Rickets* 
The results for calcium and phosphorus are given in mg. per 100 cc. 


Calcium Phosphorus ; 

Human infants............. 10.2) 4.3) 3.2) 2.9) 0.3) 2.7) 3. 1.1) 6.4 
10.5) 3.4) 3.8) 2.7) 1.1) 3.3) 4.1 1.8) 5.0 
6.6| 1.6) 3.6) 2.6) 1.1) 1.4) 6. 6.7 
Normal puppy............. 11.0) 2.7| 6.5) 6. 1.8] 8.3} 5.3) 3.0) 6.8 


* For normal values for infants and rats see Table II. 


ease was still present to a marked degree at the age of 6 years in 
spite of intensive antirachitic treatment. At the time the blood 
was taken, healing had just commenced, as judged by the Roent- 
genologic picture. All three cases of rickets presented calcium and 
phosphorus partitions closely resembling those of the rachitic rats 
(Table VII). In all, the adsorbable calcium fractions were reduced 
(in even greater percentage than the average reduction in rats), 
and the “protein-bound” fraction as well as the remaining frac- 
tion containing ionic calcium was increased. It is therefore justi- 
fiable to conclude, in spite of the paucity of infants studied, that 
the same changes observed in the serum of the rat occur in human 
rickets. 
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In connection with human rickets one additional case is worthy 
of mention. A type of rickets has been described (52) in which, in 
spite of a normal level of inorganic phosphorus in the serum, the 
disease as judged by other criteria is active. The calcium and 
inorganic phosphorus partitions in the serum of one such case 
were determined. The child had been receiving pasteurized ir- 
radiated milk as an antirachitic agent for 3 months. The total 
phosphorus in the serum was 7.7 mg. per 100 cc., having risen from 
5.8 mg. per 100 cc. in the 6 days preceding the determination. The 
total adsorbable calcium was 4.5 mg., a value intermediate be- 
tween the rachitic and the normal levels, in spite of the rather 
unusually high (and increasing) phosphorus. It may be recalled 
that normal adults whose level of total inorganic phosphorus in 
the serum is intermediate between the rachitic and the normal 
values for infants show an adsorbable calcium level which is in- 
termediate. 

Low Calcium Rickets in Dogs—Low calcium rickets was inves- 
tigated in four young puppies’ of one litter, one of which served as 
a control. Two determinations, 12 days apart, were made on 
each dog. A marked reduction was found in all fractions of the 
calcium and inorganic phosphorus of the serum. The extent of 
the reduction, furthermore, reflected the degree of severity of the 
rickets. Thus the serum of the puppy which had the most marked 
rickets according to clinical criteria, had the lowest values for the 
various fractions of calcium and phosphorus. 

It would seem that a disturbance in the calcium partition com- 
parable to that in human and rat rickets did not occur. The 
converse, however, is true with regard to the partition of inorganic 
phosphorus. Here it was found that the level of the adsorbable 
fraction was reduced out of proportion to the decrease in the total 
phosphorus and a general parallelism was found between the 
amount of adsorbable phosphorus and the level of the adsorbable 
fraction of calcium. 

In the light of these analyses the changes occurring in the serum 
in rickets may be summarized as follows: In human and in rat 
rickets (low phosphorus type) (1) there is a disturbance in the 
calcium partition (not reflected in the total calcium nor in the 


6 These animals belonged to Dr. S. Blackberg whom we take this oppor- 
tunity to thank. 
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filtrable fraction) consisting in a reduction in the adsorbable frac- 
tion and an increase in the “protein-bound”’ and ion-containing 
fractions. (2) The adsorbable phosphorus is diminished by an 
amount roughly proportional to the reduction below the normal 
of the total inorganic phosphorus. The decrease in adsorbable 
calcium bears a definite relationship to the reduction in the total 
and adsorbable phosphorus. In dogs (low calcium rickets) (1) 
the total calcium is diminished and the degree of reduction of the 
adsorbable, the ionized, and the “protein-bound” fractions is 
roughly proportional to this diminution. (2) There is a disturbance 
in the phosphorus partition, with a pronounced fall in the adsorb- 
able fraction by an amount (not necessarily reflected in the value 
for total phosphorus) proportional to that of the adsorbable cal- 
cium. The remaining fraction, on the other hand, which presum- 
ably gives some indication of the amount of phosphate ions, is 
increased. 

Therefore, the two types of rickets have the common characteristic 
of a reduction in the adsorbable calcium-phosphorus complex of the 
serum. This diminution is present regardless of the level of total 
calcium or of total phosphorus. Thus it is the most characteris- 
tic change in the serum in this disorder. These relationships are 
brought out clearly in Table VII. 


Serum in Hypercalcemia 


In view of the difference in antirachitic potency among various 
agents capable of inducing hypercalcemia it was thought worth 
while to determine whether the high values for the calcium of the 
serum, resulting from the administration of these substances, repre- 
sented merely quantitative increases in the calcium fractions or 
whether qualitative changes were brought about, similar to those 
observed in rickets. 

Dogs were found to be most suitable for the study of the hyper- 
calcemias caused by different agents, since it was usually possible 
to observe responses over an extended period on the same animal. 
The dogs were fed a standard diet consisting of meat, corn oil, 
bread, and milk. After at least two determinations of the normal 
calcium and phosphorus partitions, hypercalcemia was induced by 
injections of calcium gluconate (40 to 50 ce. of a 10 per cent solu- 
tion being given subcutaneously in doses of 5 cc. in various parts 
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of the body to minimize local irritation). About 1 hour later the 
animal was bled. The dog was allowed to recuperate for 6 days 
or more, after which the induction of hypercalcemia by means of 
parathormone was begun. The injections were given three times 
daily in 1 cc. amounts for 2 to 4 days until clinical signs of hyper- 
caleemia appeared. After another period of recuperation (10 
days to 2 weeks) a determination of the serum calcium was carried 
out to make certain of its return to the normal level. A highly 
concentrated solution of irradiated ergosterol (viosterol 10,000 x, 
Mead Johnson and Company) was then fed in daily doses of 2.5 ce. 
Hypercalcemia usually resulted in 4 days and lasted for several 
days longer. The final blood samples were taken during this 
period. 

The degree of filtrability of the calcium was not strikingly al- 
tered by hypercalcemia brought about in the various ways; para- 
thormone and viosterol perhaps cause a slight diminution (53-56). 
Since the diffusible fraction contains at least two forms of calcium, 
deductions as to the concentration of calcium ion cannot be drawn. 
The same limitations apply to the many conflicting reports (36, 51, 
57-63) concerning the ultrafiltrability of the calcium in the serum 
in tetany. 

The total amount of phosphorus was increased in all types of 
hypercalcemia. This phenomenon has been observed by a num- 
ber of workers (64-67). It was found, moreover, that the degree 
of filtrability of the phosphorus is diminished, an observation first 
reported by Grollman (68). 

In Table VIII are presented typical values for the calcium and 
inorganic phosphorus partitions in the serum of a dog. It will be 
seen that all fractions of the calcium were increased by the various 
agents producing hypercalcemia. The degree of increase was 
similar, for the most part, although certain divergencies were 
noted. Thus, if the percentage increase be calculated, it is seen 
that viosterol produced greater increases in the “protein-bound” 
and in the filtrable adsorbable fractions of calcium than did either 
of the other substances. On the other hand, it is suggestive that 
the administration of parathormone resulted in the largest percent- 
age increase of the ion-containing fraction. The changes in- 
duced in the phosphorus fractions were more inconstant and irregu- 
lar than those in the calcium fractions. 
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Other Pathological Conditions 

The results of analyses of the calcium and inorganic phosphorus 
partitions in various pathological conditions are summarized in 
Table VIII. Since only one or two cases of each disease were 
available for study, the results must be regarded as preliminary 
in nature. The fact that, with the exception of tetany (22, 23) 
none of these conditions has previously been investigated from 
this point of view makes it seem desirable to present the data, es- 
pecially since many of the cases which showed normal values for 
the total calcium manifested interesting abnormalities of one or 
another fraction, which differ both from the normal values and 
from those observed in rickets. 


SUMMARY 


1. The various forms of calcium in serum were studied by means 
of ultrafiltration and adsorption determinations, in which 40 per 
cent dry barium sulfate was used as the adsorbent. It is con- 
cluded that calcium is present in normal serum in at least four 
forms, two of which are diffusible and two non-diffusible. Of the 
diffusible calcium, about two-thirds is in the form of an adsorbable 
calcium-phosphorus complex; the remainder contains the calcium 
ion. Of the non-diffusible calcium, about one-quarter is adsorb- 
able by barium sulfate and is regarded as part of a second, non- 
filtrable complex. The remainder, which is not adsorbable, contains 
the calcium usually described as bound to protein. 

2. The inorganic phosphorus in normal serum was found to be 
present in at least two forms, one of which is the filtrable, ad- 
sorbable calcium-phosphorus complex. 

3. In the low phosphorus type of rickets in infants and in rats a 
disturbance in the calcium partition occurs. This is not reflected 
in the value of total calcium nor of the ultrafiltrable fraction. The 
change consists of a definite diminution in the adsorbable frac- 
tions of the calcium and an increase in the ionic and “protein- 
bound” forms. The reduction in amount of the adsorbable cal- 
cium-phosphorus complex is intimately associated with a diminu- 
tion in the total and the adsorbable fraction of phosphorus. 

4. The diminution in the concentration of the adsorbable cal- 
cium-phosphorus complex is present in the serum in rickets re- 
gardless of the level of the total calcium as well as that of the total 
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phosphorus. It is therefore the most characteristic change mani- 
fested in the serum in this disease. Thus, in canine rickets, 
which is of the low calcium type, the disturbance is associated 
with a qualitative alteration in the inorganic phosphorus partition; 
this consists of a pronounced fall in the level of the adsorbable 
phosphorus and bears a relation to the reduction in the amount of 
total calcium. 

5. Determinations of the calcium and phosphorus partitions in 
the serum were carried out also on cases of hypercalcemia, para- 
thyroid tetany, various bone diseases, nephrosis, jaundice, and 
other conditions in which calcium and phosphorus may be in- 
volved. 
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In Paper I (1) a method was described for the quantitative esti- 
mation of the calcium and phosphorus partition in serum and ultra- 
filtrates. An essential part of the determination consisted in 
adsorption tests in which the solution was shaken with an excess 
of dry barium sulfate prepared in a standardized manner. By 
the use of this technique it became apparent that a definite and 
fairly constant fraction of the total calcium as well as of the inor- 
ganic phosphorus of the serum exists in a complex adsorbable form 
capable of passing through collodion ultrafilters. On the other 
hand, it was found that an adsorbable form of calcium is not 
present in simple solutions of calcium chloride, calcium phosphate, 
calcium citrate, and other salts. The fact, however, that such 
simple solutions are acid introduces the possibility that the com- 
plex type of calcium found in serum and in ultrafiltrates may occur 
only in alkaline solutions. Accordingly the present study was 
carried out on the form of the calcium in artificial inorganic solu- 
tions, the pH of which could be adjusted. It was found possible 
to produce in vitro an adsorbable calcium complex closely re- 
sembling, if not identical with, that present in serum. 

The solution used in the experiments here reported consisted of a 


* This work was aided by the Research Grant from The Chemical Found- 
ation, Inc., to the Department of Biological Chemistry. 

t The data in this paper are taken from a thesis submitted by the author 
in partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy in the Faculty of Pure Science, Columbia University. 
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mixture of inorganic salts in amounts approximating the con- 
centrations of these substances in ultrafiltrates of normal serum. 
It had the following composition: 


Per liter Per 100 ce. 

gm. M mg. 

KH:PO, | 0.263 1.93 x | P 6 

MgSO, 0.091 7.6 | Ca 6 

NaHCO, | 2.85 3.4 x10 | K 20 
KCl 0.235 3.15 x 10 | Mg 1.8 
NaCl 5.65 9.5 X10? 58 2.4 

CaCl, 0.167 1.11 10-* | Na 300 

HCO, | 207 

Cl 364 


This solution, which will be referred to hereafter as an “artificial 
ultrafiltrate” was similar to those used by Shipley, Kramer, and 
Howland (2) in in vitro calcification experiments. It differed 
principally, however, in two important respects; namely, in that 
the calcium content was lower and the bicarbonate content about 
10 times greater. These differences are necessary for the com- 
position of the solution to approximate true ultrafiltrates of 
serum. 

The artificial ultrafiltrate was prepared in accordance with the 
directions of Shipley, Kramer, and Howland, the calcium chloride 
being added last, after the solution had been rendered distinctly 
acid by means of carbon dioxide. After adding calcium chloride, 
the solution was made to the correct volume and then shaken 
until sufficient carbon dioxide had been driven off to bring the pH 
to the proper value. Except in experiments in which changes in 
pH were being investigated, the pH was approximately 7.4 
throughout. 

When artificial ultrafiltrates were shaken with barium sulfate 
in the manner described in Paper I (1), it was found that both 
calcium and phosphorus were adsorbed from the solutions in 
amounts which correspond very closely with the figures for 
adsorbability of calcium and phosphorus from ultrafiltrates of 
normal serum (Table I). This experiment was repeatedly carried 
out with uniform results. 
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The nature of the calcium-phosphorus complex present in 
artificial ultrafiltrates was studied in a variety of experiments. 
It was demonstrated that the total as well as the adsorbable 
calcium and phosphorus was completely filtrable through collodion 
membranes. In this respect, therefore, the artificial solution did 
not differ from true ultrafiltrates. The presence of non-electro- 
lytes in ultrafiltrates of serum, furthermore, proved to be of no 


TABLE I 
Adsorption by Barium Sulfate of Calcium and Phosphorus from Artificial 
Ultrafiltrates 
Calcium Phosphorus 
mg. per | mg. per | mg. per | mg. per 
100 ce. | 100ce. | 100ce. | 100 cc 
Artificial ‘‘normal’’ Ultrafiltrate 1......... 5.9 3.7 6.6 4.0 
Ultrafiltrate of normal serum (dog)........ 6.2 3.7 §.1 3.1 
Artificial* ultrafiltrate similar to ultra- 
filtrate of rachitic serum................ 6.4 0.8 3.9 2.0 
Artificial ultrafiltrate without phosphorus.| 6.2 0.5 0 0 
calcium..... 0 0 6.9 2.7 
- a with 90 per cent less 
Artificialt ultrafiltrate without BHCO; or 


* The composition of this solution was the same as that of the ‘‘normal’’ 
artificial ultrafiltrate except that the phosphorus content was about 4 mg. 
per 100 ce. instead of about 6 mg. 

t In this solution the phosphate served as the buffer. It was added in 
the form of KH.PO, and K;HPQ, in the proper ratio to give pH 7.30. 


importance in so far as the forms of the calcium and phosphorus 
were concerned. Thus, the addition to the artificial ultrafiltrate 
of glucose (100 mg. per 100 cc.), urea (15 mg. of N per 100 cc.), 
and a representative amino acid, alanine (8.4 mg. of N per 100 cc.), 
exerted no influence on the adsorbability of the calcium and 
phosphorus. The addition of parathormone (1 per cent by 
volume) or irradiated ergosterol was similarly without effect. 
Variations in the pH of the artificial ultrafiltrate from 7.9 to 
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5.7 had no effect on the amount of calcium and phosphorus ad- 
sorbed by barium sulfate. Thus out of eighteen determinations 
in which adsorption was measured at various pH levels within 
this range, only two gave values sufficiently different to fall 
outside of the experimental error. It is, therefore, unlikely that 
the acidity was alone responsible for the absence of an adsorbable 
fraction of calcium in simple solutions of ordinary calcium salts 
(e.g. calcium phosphate at pH 6.35). At pH levels of 8.0 or above 
the results were more variable. In five experiments at pH 8.4, 


TABLE II 


Effect of Shaking (2 Hours) Same Sample of Artificial Ultrafiltrate with Two 
Successive Lots of Barium Sulfate 


Adsorp- Calcium Phosphorus 
Before Procedure 
sample Adsorbed Adsorbed 
tion tion 
mg. per | mg. per | mg. per | mg. per 
100 cc 100 ce. | 100 ce 100 ec. 

1 6.1 2.3 6.9 3.1 | First lot of BaSO, removed 
and solution immediately 
reshaken with fresh BaSO, 

2 3.8 0.2 3.8 3.7 

1 6.1 2.3 6.9 3.1 

2 3.8 0.1 3.8 1.6 

1 6.4 3.2 6.9 4.1 

2 3.2 0 2.8 1.0 

1 6.2 2.8 6.0 2.3 | 24 hrs. elapsed before fresh 

2 3.4 1.5 3.7 2.0 BaSO, was added 


8.16, 8.15, 8.08, and 8.0 respectively, increased adsorption was 
obtained. However, in two determinations at pH 8.03 and 8.0, 
no change and a decreased adsorption, respectively, were ob- 
tained. 

In Table II it is shown that when the adsorbable calcium- 
phosphorus complex is removed from the artificial ultrafiltrate 
by shaking with barium sulfate, equilibrium is reestablished slowly. 
Only after about 24 hours could appreciable amounts of calcium 
be adsorbed from the remaining solution. Thus, no additional 
adsorption of calcium and only little of phosphorus could be 
obtained when a second sample of barium sulfate was added to the 
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solution which had just been shaken with barium sulfate. How- 
ever, when 24 hours were allowed to elapse before the second 
adsorption determination, more calcium and phosphorus could be 
removed.! From another type of experiment, it was also apparent 
that the failure of the fresh batch of barium sulfate to remove 
calcium and phosphorus from the solution when the second 
adsorption was carried out promptly was not due simply to the 
fact that these elements, after the first adsorption, were present 
in very small amounts (3.7 mg. of calcium and 3.7 mg. of phos- 
phorus per 100 cc.). When an artificial ultrafiltrate was made 
which contained these amounts of calcium and phosphorus, 
shaking with barium sulfate resulted in appreciable adsorption. 

In order to determine the factors involved in the production of 
an adsorbable calcium-phosphorus complex in inorganic solutions, 
a series of experiments was performed in which the composition 
of the artificial ultrafiltrate was altered in one way or another. 
In previous work with serum (1) it was observed that a pathologi- 
cal reduction in the concentration in the serum of either the total 
calcium or of the inorganic phosphorus, such as may occur in 
rickets, is accompanied by a decrease in the amount of the ad- 
sorbable calcium-phosphorus complex. In the present experi- 
ments when the concentration of phosphorus in the artificial 
ultrafiltrate was reduced to the rachitic level, the diminution in the 
amount of calcium and phosphorus adsorbed corresponded to that 
observed in the ultrafiltrates of rachitic sera. When phosphorus 
was entirely omitted from the solution, the amount of calcium 
adsorbed was negligible. Similarly, when the artificial ultra- 
filtrate was made without calcium, the adsorption of phosphorus 
was diminished, though not to the same extent as the calcium. 
The results of these experiments are incorporated in Table I. 

In the next experiments adsorption determinations were per- 
formed on a series of solutions from each of which one of the 
elements of the original artificial ultrafiltrate was omitted. In 


1 In similar determinations in which serum instead of ‘‘artificial ultra- 
filtrate’? was used, it was found that small amounts of calcium (up to 0.8 
mg. per cent) were sometimes adsorbed by the second lot of barium sul- 
fate when it was added immediately after the first adsorption. This may 
indicate that the greater complexity of serum makes possible more rapid 
reestablishment of equilibrium between the different fractions of calcium. 
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these solutions the omitted ion was replaced by some other ion, 
so that the composition of the final mixture was necessarily 
somewhat altered. An attempt was made, however, to reduce 
this alteration to a minimum. Thus, when sulfate was omitted, 
the magnesium was added as magnesium chloride; when magne- 
sium was omitted, the sulfate was added as sodium sulfate; when 
potassium was omitted, the phosphorus was added as monosodium 
phosphate; when chloride was omitted, the calcium was added as 
calcium gluconate and the potassium as potassium bicarbonate; 
and when sodium was omitted, the bicarbonate was added as 
potassium bicarbonate and all of the chloride was added as 
potassium chloride. In all cases the pH of the solution was 
adjusted to 7.4. 

By this means it was found that with the single exception of 
bicarbonate, any one of the constituent ions of the artificial 
ultrafiltrate (sodium, chloride, potassium, magnesium, and 
sulfate) could be omitted without causing significant change in the 
adsorbability of calcium and phosphorus. Moreover, when the 
artificial ultrafiltrate was made without the addition of any sodium 
chloride and with a diminution in the concentration of some of the 
other constituents so that the total molar concentration was 
reduced to only 12 per cent of the original, no change in the ad- 
sorbability of the calcium or phosphorus ensued. In striking 
contrast to these results were those obtained when the bicarbonate 
concentration in the artificial ultrafiltrate was changed. In 
Table I it may be seen that when the concentration of this ion was 
reduced from 207 mg. to 22 mg. per 100 cc., the adsorption of both 
calcium and phosphorus was markedly decreased. 

It has already been stated that no adsorption of calcium could be 
obtained by shaking solutions of calcium phosphate? with barium 
sulfate. Since the data just cited indicated that under the con- 
ditions described bicarbonate was necessary for the formation of 
adsorbable calcium, experiments were performed in which solu- 
tions of calcium phosphate were saturated with alveolar carbon 


2 These solutions were made by dissolving CaHPO,-2H:0 in water and 
filtering off the excess salt. It is known (3) that Ca(H:PO,). forms by 
hydrolysis under these conditions. In all of the calcium phosphate solu- 
tions used in this study the ratios of Ca: P found indicated that such a trans- 
formation had largely occurred. 
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dioxide and then shaken with barium sulfate. These determina- 
tions, however, were also entirely negative. Even after the 
calcium phosphate solution, saturated with carbon dioxide, had 
stood overnight in an atmosphere of carbon dioxide, no adsorption 
of calcium from the solution was obtained when it was shaken 
with barium sulfate. However, when sodium bicarbonate was 
added to this solution, calcium and phosphorus were adsorbed in 


TABLE Ill 


Adsorption by Barium Sulfate of Calcium and Phosphorus from Solutions of 
Calcium Phosphate* 


Calcium Phosphorus 
Solution pH 
ma. per | mg. per | mg. per | mg. per 
100 cc. | 100 cc. | 100 cc. | 100 ce. 
Calcium phosphate (Solution A)........ 6.35 | 4.4 | 0 6.0} 1.0 
Solution A + alveolar CO, (Solution B)..| 6.05 | 4.4 | 0 6.0} 1.3 
B under CO, for 24 hrs........ 6.09 | 4.3 | 0 6.3 | 0.5 
“+ NaHCO; (3.6 X 107? m)../ 6.30 | 4.3 | 2.6 | 3.7 
(7.2 X 107° “)..| 6.40 | 4.3 | 3.1 | 5.9] 3.4 
(3.4 X 10-2 “)..| 6.40 | 4.3 | 3.5 | 6.2] 4.2 
« KHCO; (3.6 X 10-* “)..| 6.35 | 4.5 | 2.2 | 6.0/ 3.3 
gg 6.05 | 8.8 | 0.8 | 11.7] 1.0 
** 4+ NH,HCO; (3.6 X 107° m) | 7.45] 8.1 | 5.6 | 11.7 | 4.3 
o ** + NaCl (9.5 X 107? m)......| 6.35 | 8.4 | 0.8 | 12.0/ 0.3 
“4+ NaHCO; + NaCl (Na- 
HCO; 3.4 X 10° m, NaCl 9.5 xX 


* See foot-note 2 to text. 


amounts corresponding to the ¢oncentration of the added sodium 
bicarbonate (Table III). That the increased adsorption resulting 
from the addition of bicarbonate was referable in these experi- 
ments to the increased concentration of bicarbonate and not to the 
introduction of the sodium ion is evident from the data in Table 
III. Thus when equivalent amounts of bicarbonate were added 
in the form of potassium bicarbonate or of ammonium bicarbonate 
instead of as sodium bicarbonate, approximately the same degree 
of adsorption of calcium and phosphorus occurred. On the other 
hand, when sodium chloride was substituted for the sodium 
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bicarbonate, no adsorption of calcium or phosphorus was found. 
The formation of adsorbable calcium and phosphorus is, therefore, 
not due either to the presence of sodium or to non-specific ionic 
concentration. It appears, rather, that in these solutions the 
bicarbonate ion alone exerts an influence in the formation of the 
calcium-phosphorus complex and that a certain minimum con- 
centration of this ion, greater than is reached by equilibration of 
the solution with alveolar carbon dioxide, is essential. This 
property is, however, not specific for the bicarbonate ion. It was 
found that when other buffers (sodium o-nitrophenol or sodium 
diethylbarbiturate (4)) were substituted for the sodium bicar- 
bonate in the artificial ultrafiltrate, adsorption of calcium and 
phosphorus by barium sulfate was obtained. Moreover, when 
simple organic bases (pyridine or aniline) instead of bicarbonate 
were added to a calcium phosphate solution, adsorption by barium 
sulfate could be demonstrated. No explanation of these results 
is offered. The problem is being further investigated. 

In the experiments with serum previously reported (1), it was 
found that when adsorption by barium sulfate was carried out in 
an atmosphere of alveolar air, no change in pH or in carbon 
dioxide content of the serum was detectable after the shaking was 
completed. Similar tests in which artificial ultrafiltrate was used 
yielded the same results, both the carbon dioxide content and the 
pH remaining stationary during adsorption. These results do not 
agree with those of Klinke (5) or of Kleinman (6), both of whom 
obtained removal of carbon dioxide from the solution after ad- 
sorption. The present observations seem to be at variance, also, 
with those just cited, pointing to the marked influence of bicar- 
bonate on the adsorption of calcium and phosphorus. On the 
other hand, it is quite possible that carbon dioxide is actually 
removed from the solution in combination with calcium and 
phosphorus but in amounts too small to be detected. Bogert and 
Hastings have suggested (7), on the basis of analyses of untreated 
bone cortex, the formula CaCO;-nCa3(PO,). for the bone salt, n 
having a value of approximately 2. x-Ray analyses of bone (8) 
suggest the same formula. If it be assumed that in the adsorption 
experiments carbon dioxide was removed in combination with 
calcium and phosphorus in proportions somewhat similar to those 
in the formula of Bogert and Hastings, then the amount of bicar- 
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bonate adsorbed could not be expected to produce an appreciable 
change in the carbon dioxide content of the solution. Since a 
total of only about 4 mg. of calcium per 100 ce. of artificial ultra- 
filtrate is adsorbed, the corresponding amount of carbon dioxide 
would be 0.6 mg. or about 0.3 volume per cent. Differences of this 
magnitude were, as a matter of fact, obtained, but could not be 
considered significant since they lay within the experimental error 
of the method. It should be emphasized that in the present study 
no data were obtained pointing to the adsorption of calcium, 
phosphorus, and bicarbonate in the form of Bogert and Hastings’ 
bone salt. The formula is cited simply as an example of a possible 
salt in which the carbon dioxide content is small in comparison 
to the calcium and phosphorus and so might escape detection by 
the methods employed. 
From the experiments presented thus far, it is possible to 
conclude that a portion of the calcium and of the phosphorus in 
artificial ultrafiltrates exists in a form which behaves much like 
the filtrable, adsorbable calcium-phosphorus complex found in 
serum. Furthermore, it is probable that the presence of this complex 
in serum is independent of organic or any other substances not 
included in the artificial ultrafiltrate and that the presence of only 
three substances, namely calcium, inorganic phosphate, and bicar- 


bonate, is essential for the formation of the calcium complex in arti- 


ficial ultrafiltrates. 

Data regarding the adsorption by barium sulfate of substances 
other than the calcium-phosphorus complex are summarized in 
Table IV. It may be noted that neither hydrogen ion, chloride 
ion, nor ammonium ion was adsorbed in shaking experiments with 
barium sulfate. On the other hand, phosphorus, in the absence of 
calcium, was capable of adsorption when this technique was 
employed. This was pointed out in Paper I (1) in which it was 
shown that barium sulfate adsorbed about 30 per cent of the 
phosphorus from solutions of mono- and dipotassium phosphates. 


A similar result was obtained when artificial ultrafiltrates, modified . 


to contain no calcium, were employed (Table I). It was observed 
also (Table III) that small amounts of phosphorus, unaccom- 
panied by calcium, were adsorbed by barium sulfate from solu- 
tions of calcium phosphate or of calcium phosphate and carbon 
dioxide. Since these studies indicate that, as in the case of serum, 
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phosphorus is adsorbed from the artificial ultrafiltrates in two 
forms, each of which may vary independently, it is evident that 
the ratio of calcium to phosphorus adsorbed does not correctly 
reflect the ratio of these elements in the calcium-phosphorus 
complex. At the present time, therefore, conclusions regarding 
the chemical composition of the complex cannot be drawn. 


TABLE IV 
Adsorption by Barium Sulfate of Various Substances 
PH | | Calcium | | Chloride | Ammonia 
vols. | vols.| mg. | mg. | mg. | mg. | mg. | mg. | mg. | mg. 
per | per | per | per | per | per | per | per | per | per 
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 
ce. ce. cc. cc. cc. ce. ce. cc. cc. cc. 
Artificial ultra- 
filtrate........../7.45/7.45) 68 | 66 | 5.7| 3.3] 6.4) 3.0 
8.20/8.20 6.1) 2.8) 5.8) 4.0) 368) 369 
Calcium _ phos- 
phate* + CO, 
+ NaCl + . 
NaHCO,........ 6.6) 4.6) 9.5) 5.0) 385) 396 
Calcium phos- 
phate* + CO, + 
NH,HCO,....... 8.1) 2.5)11.7| 7.4 33 .0/33.8 
K,HPO, + KH:- 
cede 7.35 9.6) 6.5 
K,HPO, + 
7.35 4.8) 3.5 
* See foot-note 2 to text. 


In the course of experiments in which the attempt was made to 
obtain adsorbable calcium in the simplest solutions, an interesting 
possibility appeared regarding the relationship between the 
solubility of calcium in such solutions and the formation of the 
adsorbable calcium complex. In Table III it may be seen that 
the addition of sodium chloride to a solution of calcium phosphate, 
carbon dioxide, and sodium bicarbonate resulted in a diminution 
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of the percentage of calcium adsorbed by barium sulfate. Simi- 
larly, the adsorbability of calcium from the artificial ultrafiltrate 
was found to be less than from solutions containing calcium 
phosphate, carbon dioxide, and sodium bicarbonate without other 
salts. Sodium chloride and possibly other salts appear, therefore, 
either to depress the formation of the calcium complex or to 
inhibit its adsorption. On the other hand, neutral salts were 
found to exert a marked effect in increasing the solubility of 
calcium in the presence of phosphorus at pH 7.3. Thus, when a 
solution containing only calcium phosphate and carbon dioxide 
was brought to pH 7.3 by addition of sodium bicarbonate solution, 
precipitation promptly occurred. In contrast to this, artificial 
ultrafiltrates containing the same concentration of calcium 
remained perfectly clear at pH above 8.0 during several months of 
storage in the ice box. Moreover, when the latter solution, at 
pH 7.3, was seeded with a small amount of the precipitate ob- 
tained from the former solution and the sides of the beaker were 
scratched, precipitation failed to occur. The effect of the salts 
of the artificial ultrafiltrate in increasing the solubility of calcium 
was clearly brought out in subsequent experiments. To aliquot 
samples of a solution of calcium phosphate which was saturated 
with alveolar carbon dioxide, sodium chloride, potassium chloride, 
and magnesium sulfate were individually added in solid form. 
Sodium bicarbonate was then added to each of the three solutions 
and, by means of shaking, the pH was adjusted to 7.3. The 
concentration of each of the salts used was the same as it was in the 
artificial ultrafiltrate. With the exception of the solution con- 
taining sodium chloride, precipitation of the calcium promptly 
appeared in allcases. Since, however, the concentration of sodium 
chloride was much greater. than that of the other salts used, a 
second experiment was carried out in which sodium chloride, 
potassium chloride, ammonium chloride, sodium nitrate, potas- 
sium nitrate, and ammonium nitrate were separately added to the 
calcium phosphate-carbon dioxide solution in molar concentrations 
equivalent to that of the sodium chloride in the previous experi- 
ment. When sodium bicarbonate was added to these solutions 
and the pH was brought to 7.3, precipitation in every instance was 
delayed for periods varying from 3 hours to more than 3 days, 
whereas in the control tube, containing no added salt, precipitation 
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of the calcium occurred almost immediately. In these experi- 
ments, as soon as the pH had been adjusted, the solutions were 
covered with oil and were kept in stoppered tubes containing 
alveolar carbon dioxide. The determinations were repeated with 
progressively smaller concentrations of the same salts. It was 
found that the concentration, in each instance, could be reduced 
to one-half without resulting in precipitation of calcium. Further 
reduction, however, was invariably followed by precipitation. 

The results of these experiments appear to be in agreement with 
those of Holt, La Mer, and Chown (9) who first studied the 
influence of neutral salts in increasing the solubility of tricalcium 
phosphate. These investigators pointed out that the added 
salts exert their effect by bringing about a diminution of the 
activities of the calcium and phosphate ions. That sodium 
chloride maintains tricalcium phosphate in solution by thus 
interfering with the union of calcium ions and phosphate ions 
suggests that one of the factors causing the decrease in the amount 
of calcium adsorbed by barium sulfate in the presence of sodium 
chloride may, in an analogous manner, be the diminution of the 
activities of the ions involved in the formation of the complex. 

Since artificial ultrafiltrates offered a means by which the 
filtrable calcium complex of serum could be, so to speak, partially 
isolated, these solutions were next employed in a series of experi- 
ments planned for the purpose of studying the possible physiologi- 
cal significance of this form of calcium. It appeared possible that 
the calcium-phosphorus complex might be involved in the calcifi- 
cation of bone: cartilage might act on the complex in a manner 
similar to barium sulfate, and calcification might be a process 
essentially of adsorption rather than of precipitation. 

Several excellent historical reviews of the literature regarding 
the mechanism of normal calcification have been published 
(10-13). Perhaps the oldest theory was that held by the early 
histologists who believed bone formation to be the result of specific 
secretory activity of osteoblasts. Although this view has been 
recently revived by Watt (14), it has been largely supplanted by 
the theory of precipitation, according to which calcium salts are 
deposited from supersaturated fluids bathing the cartilage. It has 
been objected (12), however, that if bone formation is regarded as 
a process of precipitation from serum which is continually super- 
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saturated with calcium salts, “‘it is difficult to conceive how such a 
process once started would ever come to a stop and still more 
difficult to visualize the process of deossification in the presence of 
supersaturated solutions of the bone salts.” If, on the other hand, 
the serum is considered to be undersaturated with regard to the 
bone salt, it becomes necessary to postulate the operation of some 
mechanisms whereby temporary local supersaturation is produced 
at the site of calcification. Such a theory was proposed by 
Hofmeister (15) who believed that changes in the carbon dioxide 
content of the cartilage might be the decisive factor in reducing 
the solubility of the calcium salts. However, no direct experi- 
mental demonstration has been made establishing the relationship 
of such a mechanism to normal calcification. The presence of 
phosphatase at the site of calcification (16) has also been suggested 
as a means by which the solubility product of calcium phosphate 
may be locally exceeded. It has been found, however, that in 
rickets, in spite of impaired calcification of the bones, phosphatase 
is present in increased, rather than in decreased, amounts (17). 

Pfaundler in 1904 (18), Wells in 1906 (19), Hofmeister in 1910 
(15), and Rabl in 1923 (20) presented a variety of experimental 
data pointing to the existence of a specific affinity of cartilage for 
calcium. This property they considered to be an important 
factor in normal calcification. Freudenberg and Gyérgy (21), 
carrying this idea still further, postulated the chemical union of 
calcium ions with cartilage to form a calcium-protein compound 
which is subsequently combined with phosphate and carbonate. 
The inorganic elements, according to this view, are then split 
off in the form of the bone salt. Klinke (5) found that calcium and 
carbon dioxide were removed from serum when the latter was 
shaken with bone ash or with powdered bone. On the basis of 
this observation he believes that cartilage adsorbs a complex 
calcium-carbon dioxide compound from serum and that this sub- 
stance then reacts with phosphorus to precipitate the bone salt. 
Kleinman (6) believes that the first step in calcification is the 
precipitation of calcium phosphate which then immediately 
adsorbs bicarbonate from the serum in an exchange adsorption. 

The conception of the mechanism of calcification based on the 
specific affinity of cartilage for calcium is, therefore, not new, but 
the part played by phosphorus has not been convincingly elab- 
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orated, nor has the theory received adequate experimental sup- 
port. In the present study phosphorus has been shown to be 
combined with calcium in a complex form, capable of adsorption 
by barium sulfate. From experiments which will now be de- 
scribed it is evident, furthermore, that cartilage in the region in 
which calcification normally occurs has the property of adsorbing 
this calcium-phosphorus complex. 

In the first set of experiments the cartilage employed was taken 
from the long bones of 3 week-old normal rats. After the animals 
had been killed with ether, the bones were removed, freed of most 
of the adhering muscle, and cut longitudinally. The cartilage 
could then be scooped out with the point of a scalpel from the area 
between the center of ossification of the epiphysis and the junction 
of the epiphysis and metaphysis. In this manner the cartilage was 
obtained free of bone. The cartilage of thirty-six bones (six rats) 
was used in each determination with 1.5 ce. of artificial ultra- 
filtrate. In the case of rib cartilage, after it had been freed of all 
adhering muscle, the cartilage at the costochondral junction was 
excised so that only non-calcifying cartilage was employed. 

After its removal, the cartilage was washed with 0.85 per cent 
saline. It was then blotted dry with filter paper and placed in a 
test-tube containing 1.5 cc. of the artificial ultrafiltrate. The 
tubes were then stoppered, shaken for 2 hours, and the determina- 
tion carried out according to the standard technique previously 
described. A control adsorption determination in which barium 
sulfate was employed was simultaneously conducted. 

The results in Table V demonstrate clearly that epiphyseal knee 
cartilage has the capacity to adsorb calcium from artificial ultra- 
filtrates. The non-calcifying rib cartilage, on the other hand, 
gave no evidence of such adsorptive property. The experiment 
was next repeated with normal serum instead of artificial ultra- 
filtrate. The results were entirely similar. It must be em- 
phasized that in these and the succeeding experiments the results 
are not to be considered in the same quantitative sense as the 
adsorption determinations with barium sulfate, since the amount of 
cartilage employed was not accurately measured nor was any 
effort made to determine the quantity of cartilage necessary to 
attain complete adsorption. It seemed impossible to standardize 
the method of preparation of cartilage so as to obtain an amount 
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Adsorption of Calcium-Phosphorus Complex by Means of Rat Cartilage 


TABLE V 


Calcium Phosphorus 
Adsorbent Solution ‘After 
Total | adsorp-| Total | ads 
tion tion 
mg. per | mg. per | mg. per| mg. per 
100 ce. | 100 cc. | 100 cc. | 100 ce. 
Normal epiphyseal Artificial Ultrafiltrate | 5.4 | 4.2| 5.8 | 7.2 
cartilage (knee) (‘normal’) A 
Normal hyaline earti- 5.8 | 5.4 
lage (rib) 
BaSO, 5. 5.8 | 2.4 
Normal epiphyseal Normal Serum B 11.8; 5.8] 8.3 | 7.7 
cartilage (knee) 
BaSO, 11.8; 6.4; 83 | 5.0 
Normal epiphyseal “  “after| 6.4) 4.8] 5.0] 7.7 
cartilage (knee) adsorption with 
BaSO, 
BaSO, Normal Serum Bafter | 5.8 | 2.9| 7.7 | 3.7 
adsorption with nor- 
mal epiphyseal car- 
tilage 
Normal epiphyseal Normal Serum C 11.5| 6.4] 8.9 | 7.4 
cartilage (knee) 
Normal hyaline carti- 11.5 | 10.8} 8.9 | 12.0 
lage (rib) 
BaSO, 1.5] 5.8] 89] 4.8 
Normal epiphyseal Rachitic “ D 10.2} 7.0} 3.1] 5.8 
cartilage (knee) 
BaSO, 10.2; 7.4] 3.1] 1.5 
Normal epiphyseal 7.4] 68) 1.5 | 2.7 
cartilage (knee) after adsorption with 
4 
Rachitic epiphyseal | Artificial Ultrafiltrate | 5.4; 3.3| 5.8 | 8.4 
cartilage (knee) (‘normal’) A 
Rachitic hyaline carti- 5.4) 63] 5.8] 9.0 
lage (rib) 
Rachitic epiphyseal | Normal Serum B 11.8/ 8.5/8.3] 4.5 
cartilage (knee) 
BaSO, 10.4) 85 | 4.3 
Rachitic epiphyseal “  “ after) 4.8) 4.4/4.3 | 4.1 
cartilage (knee) adsorption with 
BaSO, 
Rachitic Serum D 10.2} 10.2} 3.1 | 2.8 
Artificial Ultrafiltrate | 6.4| 8.5| 3.9 | 5.6 
(“rachitic’”’) F 
BaSO, 6.4) 56) 3.9) 1.9 
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representing a fixed surface area. Nevertheless, the amount of 
calcium removed from solution by the epiphyseal cartilage was of 
the same order of magnitude as that adsorbed by barium sulfate 
in the control determinations. 

That these experiments indicate adsorption of the calcium- 
phosphorus complex and not of calcium in ionic or other form was 
brought out definitely in the experiments in which the calcium- 
phosphorus complex was first removed from serum with barium 
sulfate (Table V). When the serum, treated in this way, was 
subsequently shaken with epiphyseal cartilage, almost no further 
reduction in calcium occurred. Conversely, when the serum was 
first shaken with epiphyseal cartilage, a marked diminution in the 
amount of calcium adsorbable by barium sulfate was observed. 
The results of these double adsorption determinations can there- 
fore be interpreted only as indicating that the form of the calcium 
adsorbed by cartilage is identical with that adsorbed by barium 
sulfate. 

It has been shown that adsorption of calcium from artificial 
ultrafiltrates is invariably accompanied by simultaneous removal 
of phosphorus. In the experiments in which cartilage was 
employed, however, the adsorption of phosphorus was obscured 
by the diffusion of phosphorus from the cartilage into the solution. 
Thus, in most of the experiments in which shaking with cartilage 
resulted in substantial diminution in the calcium content of the 
solution, little or no change in the value of the phosphorus oc- 
curred. Indeed, in many of the determinations the amount of 
phosphorus in the solution after completion of the shaking was 
actually higher than before. This was particularly true in the 
instances in which no calcium at all was adsorbed, as was the case 
when rib cartilage was employed. The masking effect due to 
diffusion is strikingly brought out in the determinations in which 
2-fold adsorption was carried out. For example, in the case in 
which Serum B (Table V) was first shaken with barium sulfate the 
phosphorus concentration was reduced from 8.3 mg. to 5.0 mg. per 
100 cc. When the serum, now containing only 5.0 mg. of phos- 
phorus, was shaken with normal epiphyseal cartilage, the phos- 
phorus content rose to 7.7 mg. per 100 cc. Thus, the diffusion of 
phosphorus from the cartilage proved to be sufficient to mask 
almost completely the removal of the fraction adsorbed by the 
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barium sulfate. It is possible that a similar factor of diffusion 
may have been responsible for the failure of Klinke (10) to detect 
phosphorus adsorption in his experiments in which ground bone 
was used as the adsorbent. In the in vitro calcification experi- 
ments of Meyer zu Hérste (22), on the other hand, calcium and 
phosphorus were proved to be removed from solution in the ratio 
of 1:1. 

Since it has been demonstrated (6, 9, 10) that tricalcium phos- 
phate or bone, when shaken with serum, is capable of removing 
calcium from solution, the possibility arose that the results here 
reported might have been influenced by the presence of appreciable 
amounts of calcium previously laid down in the zone of provisional 
calcification. Accordingly the experiments were repeated with 
the cartilage from the bones of markedly rachitic rats which 
showed no Roentgenologic evidence of healing. It is known that 
in such animals the zone of provisional calcification is nearly 
always devoid of even traces of deposited calcium. The tech- 
nique of removal of the cartilage was the same as previously 
described. It proved a simple matter to obtain enough cartilage 
from the greatly widened epiphyseal junction so that only eighteen 
bones were necessary for a single test. The material which was 
used consisted of hyaline cartilage and of epiphyseal cartilage 
containing proliferating cartilage and osteoid tissue. The results 
of the determinations are included in Table V. They demon- 
strate conclusively that cartilage (and osteoid tissue) in the 
absence of deposited lime salts, is capable of adsorbing calcium 
from artificial ultrafiltrates and from serum in a manner entirely 
analogous to the action of barium sulfate. 

With artificial ultrafiltrates containing reduced concentrations 
of the calcium-phosphorus complex, such as are present in the 
serum in rickets, no adsorption by rachitic cartilage occurred. 
The same lack of adsorption was noted when rachitic serum was 
shaken with rachitic cartilage. Normal cartilage, on the other 
hand, did remove some calcium-phosphorus complex from such 
rachitic solutions. These results, however, were inconstant, no 
adsorption by normal cartilage occurring in other determinations 
in which artificial “‘rachitic’” ultrafiltrates were used. It would 
appear, therefore, that rachitic cartilage retains, at least partially, 
the ability to adsorb the calcium-phosphorus complex and that 
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the primary disturbance lies in the fact that the concentration 
of the complex in the serum is reduced, and may be below a 
certain necessary threshold level. This interpretation is in 
harmony with the in vitro calcification experiments of Shipley, 
Kramer, and Howland (2) who found that rachitic epiphyses, when 


TABLE VI 
Adsorption of Calcium-Phosphorus Complex in Artificial Ultrafiltrates by 
Means of Human Knee Cartilage 


Adsorbent Solution After After 
Total | adsorp-| Total | adsorp- 
tion tion 


BaSO, Artificial ultrafiltrate | 5.4 | 2.6 | 6.1 | 3.0 

(“normal’’) 

Cartilage in region of ” “ 
epiphyseal junction 


Resting cartilage 5.4 | 7.4] 6.1 |] 7.1 
Bony trabeculs* “ “ 5.4/4.4] 6.1 | 6.1 
BaSO, Artificial ultrafiltrate | 5.9 | 5.7 | 3.9 | 2.7 


(“rachitic”’) 
Cartilage in region of 
epiphyseal junction 


Resting cartilage * nt 5.9 | 7.9 | 3.9 | 5.0 
BaSO, Calcium phosphate so-| 4.8 | 4.7 

lution + alveolar 

CO.t 
Cartilage in region of 48 | 4.4 


epiphyseal junction 


* The bony trabecule were scooped out of the marrow cavity, the endos- 
teum being avoided. They were then washed with saline, blotted dry, 
minced, and used in the same way as the cartilage. 

¢ See Solution B, Table III. 


placed in normal serum, exhibited normal calcification, whereas 
they failed to calcify when placed in rachitic serum. 

In order to delimit more sharply the zones of cartilage which 
possess adsorptive properties, determinations were carried out in 
which the long bones of a newly born infant were employed. 
The epiphyses of these bones were sufficiently large to render 
it possible to differentiate accurately with the naked eye resting 
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from proliferative cartilage and from the zone of provisional 
calcification. When the epiphysis was cut longitudinally and 
the handle of a scalpel inserted as a wedge, the two halves 
could be pulled apart and thus neatly split away from the meta- 
physis. In such sections, resting cartilage was observed to have a 
shiny blue-white translucent appearance, whereas the zones in 
which changes preparatory to calcification had occurred were 
much more opaque and of a yellowish color. For the determina- 
tions of adsorptive capacity the two types of cartilage were ac- 
cordingly employed separately. The perichondrium, as well as 
the centers of ossification, together with the surrounding cartilage 
was discarded. The material was minced and prepared in the 
same way as the rat cartilage. Approximately the same amount 
was used, occupying a volume of about 0.5 ce. 

The results of these determinations are presented in Table VI. 
Cartilage taken from the region of the epiphyseal junction was 
found to have marked adsorptive properties, whereas resting 
cartilage had none whatever. When, instead of artificial ultra- 
filtrate, a solution of calcium phosphate was used, from which 
no calcium could be adsorbed with barium sulfate, negative 
results were similarly obtained with epiphyseal cartilage. In 
control determinations in which bony trabecule instead of carti- 
lage were employed as the adsorbent, calcium was removed from 
the artificial ultrafiltrate, but to a much less extent. 

The results of the experiments which have been described, 
demonstrating the adsorptive property of cartilage in the region 
in which calcification normally takes place, point strongly to the 
conclusion that normal calcification of bone is brought about by a 
process of adsorption of the calcium-phosphorus complex and that 
this form, and not ionic or other forms of calcium, is the type primarily 
involved in calcification. When, as in rickets, the complex is reduced 
below a certain level, adsorption, and therefore calcification, does not 
occur. In Paper I it was shown that the addition of inorganic 
phosphate to rachitic serum results in an increase in the amount 
of the calcium-phosphorus complex. The level of phosphorus in 
the serum may therefore be regarded as an important factor in 
normal calcification. From this point of view the function of 
phosphatase in normal ossification might consist in raising the 
level of the calcium-phosphorus complex at the site of calcification. 
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The significance of the increased phosphatase content of rachitic 
bones is still not clear. It may represent a compensatory mech- 
anism or be incidental to the hyperplasia and increased activity 
of the cartilage cells and osteoid tissue. The significance of other 
constituents such as magnesium, sugars, etc., as factors in cal- 
cification has been carefully studied in in vitro determinations by 
Shelling, Kramer, and Orent (23) and by Meyer zu Horste (13). 
In the light of the present investigation their results may be 
interpreted as indicating that such substances influence the 
formation of the calcium-phosphorus complex in serum. 


SUMMARY 


1. In artificial solutions of inorganic elements of serum it was 
demonstrated that a calcium-phosphorus complex exists which is 
similar to, and probably identical with, the filtrable adsorbable 
calcium-phosphorus complex present in serum. 

2. Of all of the constituents of the “artificial ultrafiltrate” only 
the concentrations of calcium, phosphorus, and bicarbonate were 
found to influence the amount of the calcium-phosphorus complex 
formed. The simplest solution in which the complex was demon- 
strated contained only calcium phosphate, carbon dioxide, and 
bicarbonate. 

3. No adsorption of hydrogen ion, ammonium ion, chloride ion, 
or bicarbonate ion was observed when barium sulfate was used as 
an adsorbent. 

4. Epiphyseal cartilage of long bones was found to possess the 
property of adsorbing the calcium-phosphorus complex from 
artificial solutions as well as from serum. When the complex had 
been previously removed by means of barium sulfate, almost no 
adsorption of calcium by the cartilage occurred. Conversely, 
when adsorption was first carried out with cartilage, the succeed- 
ing adsorption determination with barium sulfate resulted in little 
additional removal of calcium from solution. 

5. The property of adsorbing the calcium-phosphorus complex 
was found to be limited to the part of the cartilage in which 
calcification normally occurs; namely, the region of the junction of 
epiphysis and metaphysis. Resting cartilage from the epiphyses 
of long bones as well as non-calcifying rib cartilage failed to adsorb 
the complex. 
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6. Cartilage obtained from the epiphyseal junctions of rachitic 
long bones was capable of adsorbing the calcium-phosphorus 
complex from normal serum. When placed in rachitic serum, in 
which the characteristic change is a reduction in the amount of the 
calcium-phosphorus complex, the rachitic cartilage failed to ad- 
sorb calcium. 

7. It is suggested that normal calcification of bone involves the 
adsorption of the calcium-phosphorus complex of the serum by 
cartilage in the region of the epiphyseal junction. When, as in 
rickets, the concentration of this complex is reduced below a 
certain level, adsorption, and consequently calcification, is 
retarded. 


The author wishes to thank Dr. Hans T. Clarke and Dr. Edgar 
G. Miller for their kind interest and many helpful suggestions 
during the course of this work. 


BIBLIOGRAPHY 


1. Benjamin, H. R., and Hess, A. F., J. Biol. Chem., 100, 27 (1933). 
2. Shipley, P. G., Kramer, B., and Howland, J., Biochem. J., 20, 379 
(1926); Am. J. Dis. Child., 30, 37 (1925). 
3. Shear, M. J., and Kramer, B., J. Biol. Chem., 79, 125 (1928). 
4. Michaelis, L., J. Biol. Chem., 87, 33 (1930). 
5. Klinke, K., Klin. Woch., 7, 385 (1928). 
6. Kleinman, H., Biochem. Z., 196, 98, 146, 161 (1928). 
7. Bogert, L. J., and Hastings, A. B., J. Biol. Chem., 94, 473 (1931-32). 
8. Roseberry, H. H,, Hastings, A. B., and Morse, J. K., J. Biol. Chem., 
90, 395 (1931). 
9. Holt, L. E., Jr., La Mer, V. K., and Chown, H. B., J. Biol. Chem., 64, 
509, 567 (1925). 
10. Klinke, K., Ergebn. Physiol., 26, 235 (1928). 
11. Hess, A. F., Rickets including osteomalacia and tetany, Philadelphia 
(1929). 
12. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, 
Baltimore, 1, 834 (1931). 
13. Meyer zu Hoérste, G., Jahrb. Kinderh., 134, 379 (1932). 
14. Watt, J. C., Biol. Bull., 44, 280 (1923). 
15. Hofmeister, F., Ergebn. Physiol., 10, 439 (1910). 
16. Robison, R., Biochem. J., 17, 286 (1923). Robison, R., and Soames, 
K. M., Biochem. J., 18, 740 (1924). Robison, R., Biochem. J., 20, 
388 (1926). Kay, H. D., Brit. J. Exp. Path., 7, 177 (1926). Kay, 
H. D., and Robison, R., Biochem. J., 18, 755 (1924). Martland, M., 
and Robison, R., Biochem. J., 18, 1354 (1924) ; 20, 847 (1926). 


| 
4 
1 
a 
+ 


78 Ca and Inorganic P of Serum. II 


17. Kay, H. D., J. Biol. Chem., 89, 249 (1930). Smith, J., Arch. Dis. Child., 
7, 149 (1932). 

18. Pfaundler, M., Jahrb. Kinderh., 60, 123 (1904). 

19. Wells, H. G., J. Med. Research, 14, 491 (1906). 

20. Rabl, C. R. H., Klin. Woch., 2, 1644 (1923); 5, 365 (1926). 

21. Freudenberg, E., and Gyérgy, P., Ergebn. inn. Med. u. Kinderh., 24, 
17 (1923). 

22. Meyer zu Hérste, G., Jahrb. Kinderh., 131, 204 (1931). 

23. Shelling, D. H., Kramer, B., and Orent, E. R., J. Biol. Chem., TT, 157 
(1928). 


XUM 


7 


THE RESOLUTION OF di-TRYPTOPHANE* 


By CLARENCE P. BERG 
(From the Laboratory of Biochemistry, State University of Iowa, Iowa City) 
(Received for publication, November 3, 1932) 


INTRODUCTION 


In a previous communication, Berg and Potgieter (1931-32) 
reported that dl-tryptophane supported growth as effectively as 
the natural /-tryptophane. Recently du Vigneaud and Sealock 
(1932) have shown that acetyltryptophane, prepared according to 
the method of Berg, Rose, and Marvel (1929-30), is racemic in 
character. The fact that these investigators had found their 
acetyltryptophane to produce as good growth in conjunction with 
a tryptophane-deficient diet as tryptophane itself may be consid- 
ered as further evidence that racemization does not impair the 
availability of tryptophane for growth. On the other hand, 
Matsuoka, Takemura, and Yoshimatsu (1925) found that the 
output of kynurenic acid in the rabbit was considerably less when 
dl-tryptophane was administered than when the levo modifica- 
tion was employed. 

From the experiments cited, one might assume that the un- 
natural dextro component is utilized in growth, but not in kynu- 
renic acid production. It is obvious, however, that evidence based 
solely on dl-tryptophane administration is circumstantial rather 
than direct and conclusive. The complete réle of tryptophane as 
an essential component of the diet is obscure and the mechanism of 
kynurenic acid production uncertain. A definite answer to the 
question of the availability of d-tryptophane for growth or for 
kynurenic acid production is to be had only by the administration 
of that enantiomorph in relatively pure form. The present com- 


* This communication was presented in abstract before the American 
Society of Biological Chemists at Philadelphia, April, 1932 (Berg, C. P., 
J. Biol. Chem., 97, p. Ixviii (1932)). 

79 


~ 


, 
a 


80 Resolution of dl-Tryptophane 


munication deals with the preparation of d-tryptophane for use in 
experiments of this nature. 


EXPERIMENTAL 


Du Vigneaud and Sealock (1932) have obtained acetyl-d-tryp- 
tophane by resolving acetyl-dl-tryptophane with d-a-phenylethyl- 
amine. The method which we have found satisfactory for the 
preparation of d-tryptophane is essentially the resolution of acetyl- 
dl-tryptophane by fractional crystallization of its quinine salt, 
removal of the quinine, and subsequent liberation of the free d- 
amino acid from its acetyl derivative. /-Tryptophane was simi- 
larly prepared. 

Preparation of Acetyl-dl-Tryptophane—In view of the observa- 
tion of du Vigneaud and Sealock (1932), it is obviously unnecessary 
to racemize l-tryptophane prior to acetylation by the method of 
Berg, Rose, and Marvel (1929-30). From 60 gm. of l-tryptophane 
thus acetylated, 47.2 gm. of recrystallized optically inactive acetyl- 
tryptophane, m.p. 207—208° (corrected), were secured. An addi- 
tional 17.0 gm. of incompletely racemized acetyltryptophane 
({a]? = +12.8°)! were obtained from the mother liquors and 
washings by isolation through the mercuric salt, prepared and 
decomposed essentially as in the preparation of /-tryptophane. 
Racemization was completed by dissolving in approximately 150 
cc. of 1 n sodium hydroxide and adding an excess of acetic anhy- 
dride, from which 12.4 gm. of recrystallized inactive acetyltryp- 
tophane, m.p. 207-208° (corrected), were obtained. The com- 
bined yield was, therefore, 59.6 gm., or 82.3 per cent of the caleu- 
lated amount. Analysis showed 11.32 per cent nitrogen (theory, 
11.38). 

Preparation of Quinine Diastereoisomers—75.65 gm. of quinine 
(0.2 mol of hydrated crystals) were added to 49.23 gm. of acetyl- 
dl-tryptophane (0.2 mol) dissolved in 750 cc. of methyl alcohol. 
The three major fractions of crystals obtained from this solution 
and from two succeeding concentrations of the mother liquors 
weighed 33.0 gm., [a] = —119.5°; 57 gm., [a]” = —99.7°; 
and 12.5 gm., [a]?? = —119.4°, respectively. 


1 Unless otherwise indicated, optical activity measurements were made 
on 1 per cent solutions in methyl! alcohol. 
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Three recrystallizations of the combined first and third frac- 
tions from separate 200 cc. portions of methyl alcohol yielded 27 
gm. of the acetyl-d-tryptophane quinine salt, [a]?? = —125.4°. 
Further erystallizations produced no change in optical activity. 
More extensive fractionations of these and other mother liquors 
yielded an additional 23.8 gm. of the quinine salt of the same opti- 
cal activity, bringing the total to 89 per cent of the calculated 
amount. More intensive fractionation, although impractical, 
would have increased the yield. 

After a single recrystallization of the second major fraction 
from methy] alcohol, a specific rotation of —94° was reached which 
was not reduced appreciably by three further crystallizations from 
that solvent. Inasmuch as the acetyl-l-tryptophane quinine salt 
prepared for reference from acetyl-l-tryptophane had shown [a]” 
= —92.2°, the 30 gm. of salt resulting from the four recrystalliza- 
tions were dissolved in 75 cc. of ethyl alcohol, the solution was 
cooled, ether added to incipient opalescence, and the quinine salt 
allowed to precipitate in the cold. 27.8 gm. of acetyl-l-trypto- 
phane quinine salt, [a]?? = —91.6°, were secured. The rotation 
was not changed by further similar crystallizations. Subsequent 
fractionation of mother liquors yielded an additional 19.11 gm. of 
pure acetyl-l-tryptophane quinine salt. The combined yield was 
82.3 per cent of the theoretical. 

Of aid in the fractionation is the difference in appearance of 
the acetyl-d- and the acetyl-l-tryptophane quinine salts. The 
former are very fine crystals which have the appearance of short 
thick rods; the latter are elongated fibers which mat together and 
have a tendency to form rosettes. 

Isolation of Acetyltryptophane Enantiomorphs—The quinine salts 
of acetyltryptophane were decomposed as follows: 11.43 gm. 
(0.2 mol) of the salt were dissolved in 35 cc. of ethyl alcohol, the 
solution was cooled well, and 1.6 cc. of 16 N sodium hydroxide were 
added. After thorough mixing, 350 cc. of cold water were added 
and the flask was cooled in an ice-salt bath to precipitate the bulk 
of the freed quinine. The precipitate was filtered off. The fil- 
trate was extracted three times with ether to remove the unpre- 
cipitated quinine, partially neutralized with 0.9 cc. of 7 N sulfuric 
acid, concentrated to a small volume in vacuo, and acidified. The 
acetyltryptophane precipitate was recrystallized from water. 
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From 10.73 gm. of acetyl-d-tryptophane quinine salt so treated, 
4.5 gm. of acetyl-d-tryptophane were obtained, representing 
95.2 per cent of the calculated amount. A second run, in which 
16.1 gm. of the quinine salt were employed, yielded 6.37 gm. of 
the acetyl derivative, or 91.7 per cent of the theoretical. The 
acetyl-d-tryptophane melted at 189-190° (corrected) with rapid 
heating, showed [a]? = —26.2°, and a nitrogen content of 11.31 
per cent (calculated, 11.38). 

From 21.46 gm. of the acetyl-l-tryptophane quinine salt, 8.7 gm. 
of acetyl-l-tryptophane (93.9 per cent of the theoretical) were 
obtained. The derivative melted with rapid heating at 189- 
190° (corrected), gave [a]? = +26.1° and nitrogen, 11.32 per cent 
(theoretical, 11.38). A 1 per cent solution in water containing 1 
equivalent of sodium hydroxide showed [a]? = +30.3°. 

The active acetyl derivative prepared from /-tryptophane by a 
method essentially the same as that reported by du Vigneaud and 
Sealock (1932) also melted at 189-190° (corrected) with rapid 
heating and showed [a] = +25.1° ([aJ? = +29.0° in 1 per cent 
solution in water plus 1 equivalent of sodium hydroxide). Both 
acetyl-d-tryptophane and acetyl-l-tryptophane crystallize in long, 
flat rectangles. We have confirmed the observation of du Vig- 
neaud and Sealock that equal portions of the isomers, mixed and 
recrystallized from water, form the characteristic glistening rhom- 
bic platelets of acetyl-di-tryptophane, m.p. 207—208° (corrected). 
The same melting point is obtained, however, when equal portions 
of the dry enantiomorphs are thoroughly mixed and tested without 
previous recrystallization. 

Isolation of d- and |-Tryptophane—5.9 gm. of acetyl-d-trypto- 
phane were refluxed with 50 cc. of 2 N sulfuric acid for 2 hours. 
The liberated tryptophane, isolated through the mercuric salt, 
weighed 3.2 gm., exhibited [a]?> = +32.45° (in 0.5 per cent solu- 
tion in water), melted at 281-282° (corrected) with rapid heating, 
and showed a nitrogen content of 13.65 per cent (calculated, 13.72). 

To avoid the use of the mercuric sulfate reagent, the acetic acid 
can be distilled off in vacuo and the sulfuric acid removed quan- 
titatively by barium hydroxide; 1.46 gm. of acetyl-d-tryptophane 
so treated yielded 0.82 gm. (67.8 per cent of the theoretical) hav- 
ing [a]? = +31.8° (in 0.5 per cent solution in water). 

By the latter method 2.26 gm. of /-tryptophane were obtained 
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from 4.4 gm. of the acetyl-l-tryptophane (61.9 per cent). The 
l-tryptophane showed [a]?? = —32.1° (in 0.5 per cent solution in 
water), melted at 281-282° (corrected) with rapid heating, and 
when analyzed showed 13.66 per cent nitrogen (theoretical, 13.72). 
[a], for l-tryptophane prepared from protein is usually reported 
between —28° and —33°. 


SUMMARY 


The resolution of dl-tryptophane has been effected by (1) frac- 
tional recrystallization of the acetyl-dl-tryptophane quinine salt 
from methyl alcohol, (2) decomposition of the quinine diastereoiso- 
mers with alkali, and (3) acid hydrolysis of the acetyltryptophane 
enantiomorphs. 


Addendum—Since this paper was submitted for publication, du Vig- 
neaud, Sealock, and Van Etten (1932) have reported that free d-trypto- 
phane can be utilized for growth, but that acetyl-d-tryptophane cannot. 
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A STUDY OF THE ACCURACY OF THE MCCRUDDEN 
METHOD FOR CALCIUM AND MAGNESIUM 
IN BIOLOGICAL MATERIALS 


By DONALD E. H. FREAR anp O. J. KAHLENBERG 


(From the Institute of Animal Nutrition, Pennsylvania State College, 
State College) 


(Received for publication, December 5, 1932) 


It has been recognized for some time that the McCrudden 
(1, 2)! method, as originally described, when applied to biological 
material gives results for calcium and magnesium which are too 
low. The nature and magnitude of this error have been discussed 
by several workers. Dutcher (4) advocated that the ash resulting 
from the combustion of cow feces be boiled with acid for 3 hours 
and then evaporated to dryness with sodium hydroxide. This 
procedure is in all probability effectual, but it is usually difficult 
to carry out without loss by spattering. 

Morris, Nelson, and Palmer (5) have recently suggested fusing 
the ash of biological materials with anhydrous sodium carbonate. 
This fusion procedure renders the silica soluble, and in this way 
releases any calcium and magnesium which may be physically or 
chemically combined with the insoluble silica. Large differences 
in results were found, in various types of feedingstuffs and in 
excreta, according to whether the determinations were made with 
or without the fusion procedure. 

These workers found that the amounts of calcium and mag- 
nesium obtained by the “old” method, which they do not de- 
scribe, were in some cases only fractions of the amounts secured 
when the ash was fused. The extreme case was that of fresh cow 
feces, in which the old method gave but 30 and 11 per cent, re- 


1 In this paper the method referred to as McCrudden’s is in reality that 
modification of McCrudden’s method published by Halverson and Schulz 
(3). MeCrudden’s second paper (2), however, outlines an alternative 
titration procedure, so that the method is essentially his. 
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spectively, of the calcium and magnesium found by the fusion 
method. For grain mixtures in general, these investigators found 
little difference between the two methods, but all other materials 
which they analyzed showed large differences. 

In view of the large amounts of calcium and magnesium which 
these authors report in the insoluble siliceous residue of the ash, 
it was decided to undertake an investigation of the error of the 
McCrudden method for calcium and magnesium in biological ma- 
terials. The purpose of this paper is to present the data secured 
by the analysis of approximately 250 samples of various types of 
feedingstuffs and excreta of dairy cows analyzed by two methods, 
first by the well known McCrudden method, and secondly by the 
McCrudden procedure modified to include a fusion of the ash 
with anhydrous sodium carbonate. This modification has been 
tested for recovery of known solutions of calcium and magnesium, 
and has been found to give satisfactory results. 

It is not the purpose of the authors to offer criticism of the 
method advanced by Morris, Nelson, and Palmer, but rather to 
study critically the McCrudden method for calcium and mag- 
nesium in biological materials, and, by the analysis of a large 
number of samples, to secure an accurate measure of the error 
involved when the original McCrudden method is used on similar 
samples. Many workers have used the McCrudden method in 
the past, and any accurate estimation of the error involved will be 
of value in evaluating past results. It is also felt that due to the 
simplicity of the method and its many advantages, many investi- 
gators will continue to use it if a satisfactory modification is 
presented. 


Calcium 


Method—Weigh out a sample of from 2 to 6 gm., depending on 
the concentration of calcium present in the material. Ash at 
about 600° for 6 hours, or overnight, in a platinum dish. To the 
ash in the dish add about 2 gm. of anhydrous sodium carbonate. 
Return the dishes to the furnace and heat to 900°. A temperature 
higher than this will cause spattering of the molten sodium car- 
bonate. 

When the dishes and their contents are cool, add dilute hydro- 
chloric acid (1:1) to dissolve the melt. After the fused mixture 
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is completely dissolved, transfer to a beaker and dehydrate the 
silica by evaporating to dryness on the steam bath. Take up in 
hot water, add 1 or 2 drops of concentrated HCl, filter, and wash 
the precipitate several times with hot water. 

The dehydration and elimination of the silica were found to be 
essential. If not removed, the silica apparently again forms a 
colloidal complex which makes the solution almost impossible to 
filter through an asbestos pad. 

The remainder of the procedure is that of McCrudden, combined 
with the filtration and titration technique suggested by Halverson 
and Schulz (3). The clear solution is neutralized with NH,OH, 
made just acid with HCl, and then 10 cc. each of 0.5 n HCi and 
2.5 per cent oxalic acid solution are added. This mixture is 
heated to boiling, and 30 cc. of a 3 per cent solution of ammonium 
oxalate are added, with constant stirring. This is best done in 
routine work, with the aid of a heated stirring apparatus. After 
cooling to room temperature, 8 to 15 cc. of 20 per cent sodium 
acetate solution are added slowly, with constant stirring. The 
precipitate is allowed to stand overnight, filtered through as- 
bestos previously treated with H,SO, and KMn0O, according to 
the method of Halverson and Schulz (3), and washed with cold 
water. The oxalate and the asbestos are washed into a 250 ce. 
Erlenmeyer flask; about 5 cc. of concentrated H,SO, are added; 
the contents of the flask are heated to boiling, and titrated with 
0.1 KMn0, solution. 

In order to test the relative accuracy of the method for pre- 
cipitating calcium recommended by Morris, Nelson, and Palmer 
as compared to that of McCrudden, a sample of milk was ashed, 
the ash dissolved in HCl, and-filtered. There was no insoluble 
material, so that the question of interfering insoluble silica is not 
concerned. Table I shows the results obtained by the two 
methods. It is to be noted that the centrifugal separation method 
of Morris, Nelson, and Palmer gave slightly higher values. Table 
I also shows the recovery, by the two methods, from 45 mg. of cal- 
cium added in solution as CaCl, to the same quantities of the same 
solution of milk ash. Here it is to be noted that the recovery was 
slightly less than that obtained by the McCrudden procedure. 
The values obtained either with the solution alone or with added 
calcium show no appreciable difference in the accuracy of the two 
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methods, there being less than 1 per cent difference between the 
methods. | 

TABLE I 
Mg. of Ca in 25 Ce. of Milk Ash Solution by McCrudden’s Method and That of 


Morris, Nelson, and Palmer, and Recovery from 45 Mg. of Ca Added to 
25 Cc. of the Same Solution 


Milk ash solution Milk ash solution plus Ca 
McCrudden Morris, Nelson, and MeCrudden Morris, Nelson, and 
er 
38.8 39.3 83.9 84.0 
38.6 39.1 84.1 84.4 
38.8 39.2 84.3 84.1 
38.6 39.2 84.3 84.3 
38.8 83.8 84.6 
38.9 
39.1 
38.8 
Average..38.8 39.2 84.1 84.3 
Found previously... ... 38.8 39.2 
Recovered............. 45.3 45.1 
TABLE II 


Amount of Ca Found in Dried Cow Ezcreta by (1) McCrudden’s Method and 
(2) Proposed Fusion Method, with Recovery of Added Ca 


4.0000 gm. cow excreta 4.0000 gm. cow excreta plus 45 mg. Ca 
Recovery | Ca found 

Ca by MeCrudden's Total Ca ia insole Total 
“tee method | byfusion| 

23.4 1.9 25.3 67.6 93.8 3.7 102.0 

23.4 2.2 25.6 68.0 94.7 3.0 101.3 

23.6 2.2 25.8 67.7 94.0 3.5 101.8 

23.5 1.4 24.9 67.6 93.8 3.9 102.5 

67.1 92.7 2.9 99.1 

Average.. 23.5 1.9 25.4 67.6 93.8 3.4 101.3 


The relative efficacy of the fusion with sodium carbonate as a 
means of freeing calcium from silica was next determined. Samples 
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of 4 gm. each of a composite sample of dried cow excreta were ashed 
at 600° and treated with dilute (1:1) HCl for 3 hours on the steam 
bath. These were then filtered, washed well with hot water, and 
the calcium determined by McCrudden’s method. The insoluble 
residues remaining on the filter paper were fused with 2 gm. of 
anhydrous Na,CO;, and calcium was determined after dehydra- 
tion of the silica as previously described. The results are shown 
in Table II. 

As a further test, 45 mg. of Ca as CaClk were added to similar 
samples of excreta, and the procedure repeated. The results are 
also shown in Table IT. 


Magnesium 

Method—To the filtrate from the calcium determination add 20 
ce. of concentrated nitric acid and evaporate on the steam bath. 
When almost dry, add 10 cc. of concentrated hydrochloric acid and 
evaporate just to dryness. Dilute with water to about 80 cc.; 
nearly neutralize with ammonia, and cool. 

Add 5 ce. of 10 per cent sodium citrate; enough sodium acid 
phosphate is added to precipitate the magnesium, and a slight 
amount in excess. Ammonia is then added slowly, with constant 
stirring, until the solution is just alkaline, and then 15 cc. of 
concentrated ammonium hydroxide. Allow the solution to stand 
overnight, filter, and wash a few times with dilute ammonia solu- 
tion (1 part of concentrated ammonium hydroxide to 20 parts of 


water). The precipitate is dissolved into the original beaker with ~ 


hot water and dilute hydrochloric acid. After the addition of 5 
cc. of 10 per cent sodium citrate the magnesium is precipitated as 
before. The precipitate is washed until free from chlorides with 
the dilute ammonium hydroxide solution mentioned above and 
incinerated. 

This procedure is that of McCrudden, with the exception of 
slight changes in the amounts of reagents used, and was employed 
for all of the magnesium determinations reported in this paper, the 
fusion prior to the calcium determination being the only difference 
in the procedure. 

According to the procedure used to evaluate the calcium method, 
dried cow excreta were analyzed for magnesium by the McCrudden 
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method. The insoluble residues which remained on the filter 
papers after filtering and washing out the HCl-soluble portions of 
the ash were fused with anhydrous Na,CO;, and the magnesium 
remaining in this insoluble residue was determined. The results 
are shown in Table III. The average amount of magnesium 
found in the acid-soluble fraction of the ash was 12.6 mg., while 
2.2 mg. were found in the insoluble residue, making a total found 
by the fusion procedure of 14.8 mg. There was no blank. Table 
III also shows the amounts of magnesium recovered when the 
above procedure was repeated with a series of samples to which 
had been added 42.4 mg. of magnesium as MgChk. This was 


TABLE III 


Amount of Mg Found in Dried Cow Excreta by (1) McCrudden’s Method and 
(2) Proposed Fusion Method, with Recovery of Added Mg 


4.0000 gm. cow excreta 4.0000 gm. cow excreta plus 42.4 mg. Mg 

Mg by McCrudden’s | Total Mg | | ‘Total 

method due p t den's recovery 
fusion method | method | by fusion 

mg. mg. mg. mg. per cent mg per cent 

12.4 2.3 14.7 54.8 94.6 2.2 99.8 

12.5 2.3 14.8 55.3 95.5 1.8 99.8 

12.8 2.1 14.9 55.4 95.5 2.2 100.7 

13.0 1.8 14.8 55.6 96.2 2.3 101.7 

12.7 2.6 15.3 54.8 93.2 2.0 97.9 

12.3 2.1 14.4 54.7 95.0 2.3 100.5 

Average.. 12.6 2.2 14.8 55.1 95.0 2.1 100.0 


added in solution, the concentration of magnesium having been 
determined by analysis. 

The average amount found after 42.4 mg. of magnesium were 
added was 55.1 mg., with an additional 2.1 mg. found by the 
fusion procedure. With the true amount found in the original 
sample used as a basis for calculation, the amount recovered by 
the MecCrudden method was 40.3 mg.; the additional quantities 
secured by the fusion being taken into consideration, 42.4 mg. 
were recovered. 


DISCUSSION 


From Table I it is evident that those parts of both methods 
which concern the precipitation and titration of the calcium give 
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results which agree within narrow limits. From Table II it 
appears that a considerable though somewhat variable amount 
of calcium was retained in the insoluble material. This has also 
been well shown by Morris, Nelson, and Palmer. 

From Table II it is also apparent that part of the added calcium 
was retained, but that the percentage retained was not as high 
as in the original material, pointing to a combination of physical 
adsorption and chemical combination by the silica. The average 
recovery of the added calcium was only 93.8 per cent when the 
amounts recovered from the insoluble residue are not considered. 
When these are added to the total the recovery is 101.3 per cent, 
which is within a reasonable limit of error. 

From these typical figures for cow excreta the method appar- 
ently gives results which are sufficiently accurate. Analysis of 
other materials, alfalfa and timothy hays, mixed grain, and silage 
samples showed similar low recoveries when the insoluble residues 
were not fused with sodium carbonate. These recoveries ranged 
from 90 to 97 per cent. 

While the character of the results of similar studies on the mag- 
nesium determination reported in Table III is not exactly the same 
as that of the calcium determinations practically the same con- 
clusion is justified. Apparently a rather constant amount of mag- 
nesium is intimately associated with that part of the ash which is 
insoluble in HCl, and is recovered by fusing this insoluble material 
with NazCO;. The additional magnesium added as MgCl, did 
not combine with the insoluble residue under the conditions of 
ashing, since a quantitative recovery was obtained without regard 
to the amount present in the insoluble residue. 

The results of the recovery tests with samples of cow excreta 
show an interesting point which often appears in attempting to 
evaluate quantitative methods. The recovery of added mag- 
nesium was perfect when the McCrudden method was used, al- 
though a constant amount of magnesium originally present in the 
sample was apparently held by the residue insoluble in HCl and 
this portion is not determined by the McCrudden procedure. 
In this method it was possible to separate this insoluble residue, 
fuse it, and determine accurately the amount retained, and thus 
calculate the true accuracy of the method. 

Comparative Amounts of Calcium and Magnesium Found in 
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Various Biological Materials by McCrudden’s Method and by the 
Fusion Procedure—In view of the obvious errors evident from these 
preliminary studies, it was decided to determine the calcium con- 
tent of a large number of samples of various materials by both the 
original McCrudden method and the modified method described 
briefly above. 

The determinations of which the averages are shown in Table 
1V were made on the materials of a study of the mineral metabolism 


TABLE IV 
Amounts of Ca and Mg Found in Various Materials by the McCrudden 
Method and by the Modified Method 
Calcium Magnesium 
3 
per cent | per cent | per cent| per cent | per cent | per cent 
0.356 | 0.377 | 5.6 | 0.161 | 0.178 | 9.6 
1.624 | 1.693 | 4.1 | 0.283 | 0.292 | 3.1 
Grain Mixture 1.............. 0.093 | 0.102 | 8.8 | 0.107 | 0.112] 4.5 
0.065 | 0.070 | 7.1 | 0.147 | 0.159 | 7.5 
0.446 | 0.458 | 2.6 | 0.270 | 0.295 | 8.5 
Excreta 
ere PS Ss 1.694 | 1.796 | 5.7 | 0.615 | 0.631 | 2.5 
2.030 | 2.046 | 0.8 | 0.608 | 0.606 | 0.3 
2.281 | 2.307 | 1.1 | 0.634 | 0.621 |—2.1 
0.543 | 0.564 | 3.7 | 0.455 | 0.479 | 5.0 
1.021 | 1.040 | 1.8 | 0.443 | 0.466 | 4.9 
1.098 | 1.115 | 1.5 | 0.464 | 0.474) 2.1 


of dairy cows. All of the samples were the final composites of a 
large number of daily samples. The hay samples represent a 
good grade of market hay; the silage was from corn grown on the 
College farm. The grain mixtures varied somewhat in composi- 
tion, but in general Grain Mixture 1 (which was fed with timothy 
hay) was considerably higher in protein than was Grain Mixture 2. 
Both contained wheat germ, distillers’ grains, corn-meal, oats, and 
barley. In addition, peanut oil cake and soy bean oil meal were 
added at times to bring the protein content to the level desired. 
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The excreta samples were mostly 28 day composites of daily 
aliquots taken during a period of more than a year, and were com- 
posed of dried feces and urine. 

Cows 1 and 2 received alfalfa hay, Grain Mixture 2, and corn 
silage. Cows 3 and 4 received the same ration plus bone meal. 
The amount of bone meal given varied with the milk production 
le but was approximately 75 gm. per day. Cows 5 and 6 were fed : 
n in the same manner as Cows 3 and 4, but instead of bone meal, A 
received an equivalent amount of calcium in the form of limestone. : 

Cows 7 to 12 were fed in the same way as Cows 1 to 6 except 4 
n that timothy hay was given instead of alfalfa, and Grain Mixture : 
1 instead of Grain Mixture 2. 

The number of determinations averaged to obtain the values 
~ shown in Table IV was between twenty-six and thirty-two in the 
case of each of the feedingstuffs. For convenience in tabulation, 
the excreta of cows receiving similar treatments are averaged, thus a 
making the excreta values the average of approximately 60 de- 
terminations. 
| Results 
: The amounts of calcium found by the two methods differed 
| appreciably, the greatest difference being in the case of the grain 
mixtures. This was opposite to the results obtained by Morris, 
Nelson, and Palmer, who found less calcium retained by the silica 
in the case of a grain mixture than in any other material. With 
both kinds of hay there were significant errors in the calcium con- 
tent as determined by the McCrudden method. With silage, on 
the other hand, there was only a small difference. 

With regard to the excreta samples, the ratio between the cal- 
cium naturally present in the ration and that supplied as mineral 
supplement had an influence on the error in the MeCrudden 
method. The largest error was found with Cows 1 and 2 and 7 
and 8, which did not receive calcium supplement. The other 
excreta samples show discrepancies between the two methods, 
which although relatively small, are fairly consistent in showing 
that the fusion procedure gives higher results. In considering the 
figures given in Table IV, it is well to bear in mind that they are all 
averages of a large number of determinations, carried out on 
similar materials. In this light the averages presented should be 
considered to be of considerable significance. 
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A comparison of the 496 magnesium determinations made on 
the various materials indicates a consistent increase in the amounts 
of magnesium found when the ash was fused. As in the case of the 
calcium results, the feedingstuffs in general showed a greater 
difference between the two methods than did the samples of 
excreta. The maximum average percentage difference between 
the results of the two methods was 9.6 per cent obtained in the 
case of timothy hay. Samples of excreta from Cows 1, 2, 7, and 8, 
which did not receive mineral supplement, show larger discrep- 
ancies than most of the other excreta samples, although the 
differentiation between the samples is not so clear cut as was the 
case with the calcium results. Silage, alone, showed a much larger 
difference between the two methods for magnesium than it did for 
the two calcium methods. The samples of excreta from Cows 
5, 6, 11, and 12, which received a supplement of ground limestone, 
show no variation beyond that which may be attributed to the 
method for magnesium. While Morris, Nelson, and Palmer found 
differences as high as 88 per cent in the case of green cow feces, 
no such errors were apparent between the two methods here tested. 
The greatest difference between the results obtained by the original 
McCrudden method and those obtained when the ashes of the 
samples were fused with sodium carbonate was in the case of 
timothy hay samples, in which the averages by the two deter- 
minations were 9.6 per cent apart. 

The samples of hays and grains showed in the case of magnesium 
determinations as in the case of the calcium estimations, a higher 
percentage difference than did most of the excreta samples. 


SUMMARY 


The authors have modified the McCrudden method for calcium 
and magnesium in biological materials to include fusion of the ash 
with anhydrous sodium carbonate. From data obtained with and 
without this fusion step, it is apparent that there are considerable 
quantities of calcium and magnesium undetermined in samples of 
some materials when the original McCrudden method is followed. 
Recovery tests indicate that the fusion procedure allows the 
operator to secure 100 per cent recovery of these elements added to 
samples of various materials. This is impossible by the McCrud- 
den method. The greatest error in the McCrudden method was 


‘ 
] 
XUM 


D. E. H. Frear and O. J. Kahlenberg 95 


apparent in samples of grain mixtures and hays, but in no case did 
there appear errors as large as those reported by Morris, Nelson, 
and Palmer. Samples of dried cow excreta showed variable 
errors, which had a tendency to become less when a greater pro- 
portion of the calcium and magnesium in the excreta was derived 
from concentrated calcium supplements in the feed. 
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THE SOLUBILITY OF GLUTAMIC ACID IN WATER AND 
CERTAIN ORGANIC SOLVENTS* 


By VLADIMIR A. PERTZOFF 
(Received for publication, December 5, 1932) 


The solubility of glutamic acid in water was determined by Bay- 
liss (1), Pfeiffer and Wurgler (2), Pfeiffer and Angern (3), and 
others. In the course of an investigation of certain properties of 
d-glutamic acid there became available samples of this acid of 
considerable purity. It was of interest, therefore, to extend these 
measurements with a view to determining the effect of the tem- 
perature on the solubility of glutamic acid in water and also to 
provide data for the solubility of this acid in ethanol, methanol, 
and acetone, about which very little is known. 


EXPERIMENTAL 


Glutamic Acid—Our investigation was carried out with three 
commercial d-glutamic acid preparations. They were all sub- 
jected to repeated crystallization from water. The nitrogen con- 
tent of Samples I and II did not differ beyond the experimental 
error from the amount required by the theory. Sample III 
yielded, however, a larger amount of nitrogen. The number of 
carboxyl groups was determined by titration in ethanol and ace- 
tone. The agreement between the theory and experimental 
values was satisfactory. Table I shows such a titration of Sample 
II. These measurements will be discussed at greater length in 
one of the following sections. 

Solvents. Water—Boiled, distilled water, kept from contact 
with the CO, of the air, was used in the investigation. 

Ethanol—Commercial absolute ethyl alcohol was used as a 
starting material. It was then subjected to the following purifica- 
tion. First, a small amount of H,SO, was added and the alcohol 
distilled. Following this distillation 3 gm. of AgNO; in 3 ce. of 


*The author is indebted to the Division of Chemistry of Harvard 
University for furnishing the facilities for carrying out this work. 
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water per liter and then 3 gm. of KOH previously dissolved in 30 
ec. of the alcohol were added. This procedure frees the alcohol 
from aldehydes. The solution was left standing overnight. After 
distillation, the aleohol was shaken with CaO and again left stand- 
ing overnight and then distilled. This last procedure was repeated 


TABLE I 
Estimation of Glutamic Acid by Titration in Presence of Ethanol or Acetone 
Indicator, 2.0 cc. of 0.08 per cent thymolphthalein ; 0.0359 gm. of glutamic 
acid in 5.0 cc. of H,O for every titration. 


Substance added | Amount ia HO) | bound. | 2auivalent 
vequived 0.1NNa_ | ((3) X | weight, 
(1) (2) (3) (4) (5) (6) 
ce. ce. ce. 
C.H,OH 5.00 4.90 0.03 4.87 73.7 
4.88 0.03 4.85 74.0 
10.00 4.94 0.06 4.88 73.6 
4.94 0.06 4.88 73.6 
4.93 0.06 4.87 73.7 
15.00 (5.08) 0.095 (4.98) (72.1) 
5.01 0.095 4.91 73.1 
4.96 0.095 4.86 73.8 
20.00 5.01 0.11 4.90 73.2 
25.00 5.06 0.17 4.89 73.4 
35.00 5.13 0.23 4.90 73.2 
(CH;),CO None 4.82 0.02 4.80 76.8 
4.87 0.02 4.85 76.0 
5.00 5.02 0.05 4.87 75.6 
10.00 5.08 0.07 5.01 73.6 
15.00 5.10 0.09 5.01 73.6 
20.00 5.13 0.12 5.01 73.6 
5.17 0.12 5.05 73.0 
25.00 5.15 0.13 5.02 73.4 


Parentheses indicate an error of unknown origin. 


twice. During the last two distillations only the middle fraction 
of the distillate was collected. 

Methanol, c.p.—The alcohol was purified in the same way as 
ethanol. 

Acetone, c.p.—The acetone was purified by distilling it once 
from calcium oxide. 
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Method of Analysis—Three methods may be conveniently used 
for determining the amount of glutamic acid dissolved in a solvent. 
It can be determined by evaporating the solution and weighing 
the amount of acid dissolved, if the substance is pure, by analyses 
for nitrogen, and by analyses for carboxyl groups. In our inves- 
tigation we used the last two methods. Nitrogen was determined 
by the micromethod suggested by Pregl (4) (with CuSO, as the 
oxidizing agent). The amount of carboxyl groups was determined 
by titration of the acid with 0.1 N sodium alcoholate in the pres- 
ence of ethanol or acetone, thymolphthalein being used as an indi- 
eator. This method is quite well known. It came into existence 
largely through the contributions of Foreman (5), Willstitter 
and Waldschmidt-Leitz (6), and Martens (7). This method is 
quite reliable if two precautions are taken: first, if the amount 
of alcohol or acetone necessary to produce the largest titer is 
determined and secondly if the formation of a precipitate is 
avoided. In the latter case the end-point becomes unstable and 
color fades quickly. 

A comparative titration of a sample of glutamic acid in the pres- 
ence of varied amounts of ethanol and acetone is reported in Table 
I. It is evident that when 10 cc. of ethanol or acetone are added 
a maximum value is reached, which is not affected (within experi- 
mental error) by further addition of either of these substances. 
This value is in close agreement with the theoretical value for the 
equivalent weight, the latter being 73.54 gm. 

In our determination of the solubility of glutamic acid in water 
we therefore used 10 cc. of acetone. In these titrations the total 


' concentration of acetone and ethanol (as a solvent for thymol- 


phthalein and as sodium alcoholate) was thus never less than 76 
per cent. Occasionally these determinations were checked by 
nitrogen analysis. 

The method becomes less accurate when only very small 
amounts of glutamic acid are present. Therefore, the determina- 
tion of the solubility of the acid in ethanol, methanol, and acetone 
was made by microanalysis for nitrogen. 

Determination of Solubility—The required solvent and glutamic 
acid were placed in Pyrex flasks and shaken for a given period in a 
shaking machine in an air thermostat. The shaking was vigorous 
enough to keep a part of the precipitate always in suspension. 
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Solubility of Glutamic Acid in Water and Certain Non-Aqueous Solvents 


TABLE II 
at 25.0° + 0.6° 
Sample No. | Saturation 
(2) (3) 
I Ist 6} days 
8} 
2nd 10 
3rd 43 
Ist 65 
II 1st 7 days 
75 hrs. 
50 
50 
III Ist 30 
II 2nd 10 
3rd 12 
4th 20 
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Solvent acid in 50 cc. in 
50 cc. 
(1) |_| (6) 
H.0 
HyN 
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TABLE I1—Concluded 


Solvent Sample No. | Saturation ce. dissolved in 


(1) (2) (3) (4) (5) (6) 


C,H,OH II 2nd 10 days 


5th 


Ss 


(CH;):CO Not more than 0.00003 


When needed, a part of the content of the flask was quickly filtered 
(at room temperature) through No. 42 Whatman filter papers and 
the filtrates analyzed as described. All solubility experiments 
were carried out at 25.0° + 0.5° and all data refer to volumes at 
20°. 


Results 


The data obtained are reported in Table II. As may be noted, 
we have varied in these measurements the number of saturations, 
the time, and the starting amount of glutamic acid in a given 
volume of solvent. Though the existence of a large amount of 
impurity in our preparation is doubtful, due to good analytical 
agreement, there is a slight possibility that an optical isomer of 
d-glutamic acid may havea different solubility. Washing a 
preparation, or in other words saturating it several times with 
fresh lots of solvent, would necessarily change the ratio of the two 
isomers (if their solubility were different) as well as change the 
solubility itself. This would be equally true if the amount of 
glutamic acid per given volume of solvent were varied. 

Our experiments show that this is not the case. The solubility 
does not vary as a function of the number of saturations, or the 
amount of glutamic acid involved. An equilibrium is probably 
established in less than 10 hours. The experiments indicate that 
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we are dealing with a single chemical individual. They do not 
exclude the possibility of the presence of -glutamic acid, but ex- 
clude the possibility that this optical isomer, if present, has a 
different solubility in water from d-glutamic acid; all certainly 
being true within our experimental error. 

The solubility of glutamic acid in methanol and ethanol is much 
lower than in water. The value for ethanol is lower than the 
value usually accepted (8) (0.07 gm. in 100 cc.). The solubility 


+0.20+ 


20 25 30 C. 35 


Fia. 1. The effect of temperature on the solubility (S) of glutamic acid in 
water. 


in both of these alcohols differs little, but glutamic acid seems to be 
slightly less soluble in ethanol than in methanol. The solubility 
in acetone was below our experimental grasp, but is certainly 
not more than 6 X 10-5 gm. per 100 ce. 

Pfeiffer and Wurgler (2) and Pfeiffer and Angern (3) measured 
the solubility of glutamic acid in water at 20° and 21° respectively. 
Bayliss (1) carried out similar measurements at 38.5°. Combining 
these observations with our own, we can calculate the effect of 
temperature upon the solubility of this acid. 
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We know that the solubility must be related to the temperature 
by the equation 


where N, and N; are mol fractions of glutamic acid in solution at 
the absolute temperatures 7’; and 72, respectively; R has the value 
of 1.986; and AH is the heat of solution. In dilute solutions the 
logarithm of solubility plotted against the temperature should 
yield a straight line. 

Such a plot is found in Fig. 1, in which log S is the logarithm to 
the base 10 of the solubility of glutamic acid in gm. per 100 cc. of 
solution. The straight line passes nicely through the value ob- 
tained by Pfeiffer and Wurgler (2) (0.669 gm.), but the value ob- 
tained by Pfeiffer and Angern (3) (0.658 gm.) appears to be too 
low. 

Using the equation and the value indicated in Fig. 1, we can 
calculate the heat of solution, which is close to 9600 calories. If 
glutamic acid is a “normal” substance, then this value according 
to Gehloff (9) must be near to the heat of fusion. It should also 
be the same for all solvents. 


SUMMARY 


1. The solubility of d-glutamic acid was determined in the fol- 
lowing solvents at 25°. 


2. The heat of solution, in water, of d-glutamic acid was calcu- 
lated to be 9600 calories. 
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VI. THE MINERAL METABOLISM OF RATS RECEIVING A DIET 


(From the Department of Physiological Chemistry, Yale University, 


Recent studies have emphasized the importance of the inorganic 
constituents of food, not only in a general way as sources either 
of necessary base for the neutralization of acid produced in metab- 
olism or of essential factors in the maintenance of electrolyte con- 
centrations of the body fluids, but also as determinants of certain 
specific functions now attributable to individual elements. The 
controversy occurring during the last 2 years in regard to the réle 
of copper in the remission of nutritional anemia indicates the 


Previous studies from this laboratory have been reported in 
which the intake of the inorganic constituents of the diet have 
been reduced to a minimum. It has been shown that the weight 
of young rats (40 gm. body weight) fed under such conditions 
does not change materially (Winters, Smith, and Mendel, 1927). 
The same general method of feeding will also restrict the develop- 
ment of larger animals (Smith and Swanson, 1929). A condition 
of retarded growth under such conditions is not so remarkable as 
the ability to exist at all. Animals restricted in this manner pre- 
sent an opportunity of investigating many physiological processes. 

It has been observed that, although very young rats on a ration 


* The data reported in this paper are taken from a dissertation presented 
by Richard O. Brooke in partial fulfilment of the requirements for the degree 


A part of the expenses of this investigation were defrayed by a grant from 


A preliminary report was presented before the meeting of the American 
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poor in ash constituents fail to increase in weight to any extent, 
the long bones continue to grow and the kidneys become enlarged 
to a marked degree (Winters, Smith, and Mendel, 1927). Hydra- 
tion of the tissues has also been demonstrated as a result of a 
dietary deficiency in mineral salts (Forster, 1873; Smith and 
Schultz, 1930; Swanson, 1930). 

Smith and Schultz observed a pronounced increase in the num- 
ber of erythrocytes in the blood of rats receiving a diet poor in 
ash constituents—a marked though not a typical polycythemia. 
This observation has since been confirmed and studied in detail 
(Smith and Swanson, 1929). 

The present investigation deals with a study of the mineral me- 
tabolism of rats subjected to a strict limitation of inorganic salts 
in the diet. Complete balance experiments were carried out on 
nitrogen, phosphorus and calcium, and chlorine, and determina- 
tions of the acidity of the urine and the excretion of urinary 
ammonia were made. 

A group of rats was given the ration poor in inorganic salts and 
collections of excreta were made at intervals over a period of 90 
days. The results obtained in this way were compared to those 
secured from control animals of two kinds: (1) a group of normal 
animals of the same age receiving an adequate diet; and (2) others 
also of the same age but fed limited amounts of a special ration 
so adjusted that although the caloric value of the food eaten would 
be restricted to that of the group of rats fed the low salt diet, yet 
the protein and mineral intake would approximate that of the 
normal group. 


Procedure 


Animals—All the rats used in this experiment were born in the 
rat colony of the Connecticut Agricultural Experiment Station, 
New Haven, and were of the same vigorous strain described by 
Anderson and Smith (1932). Male rats weighing 45 to 50 gm. at 
weaning were placed by pairs in suitable metal cages. Water 
and food were available ad libitum. Until the rats were 28 days 
of age, the food consisted of modified calf meal and paste food.' 


1 The calf meal was that manufactured by Cooperative G. L. F. Ex- 
change, Inc., Buffalo, in which was incorporated 3 per cent of cod liver oil 
(see Maynard, L. M., Science, 71, 192 (1932)). The paste food had the 
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From the age of 28 days, only modified calf meal was fed. To 
secure a satisfactory condition of retarded growth on a diet low in 
mineral constituents, a certain rate of increase in weight in young 
rats has been found requisite from statistical studies (Swanson 
and Smith, 1932). At 28 days they should weigh from 78 to 88 
gm. and they should reach 120 gm. in about 9 days from this time. 
Only rats that satisfied these requirements were selected. 

The rats were then divided into the three groups and the ex- 
perimental rations given. 

Individual cages constructed of wire cloth with a mesh of at 
least 4 inch were employed. The bottom of the cage was elevated 
so that access to the excreta was impossible. Until the rats were 
placed on the experimental diets they were weighed at frequent 
intervals in order to make selection possible, but after a weight of 
120 gm. had been reached, the weight was recorded only once a 
week. Food intake was also noted. 

Collection and Separation of Excreta—The method adopted for 
the collection of feces and urine was essentially the one advocated 
by Mitchell (1923-24), except that in place of the crystallizing 
dishes a glass cage, specially designed for studies of this kind, was 
employed (Smith and Brooke, 1931). However, this cage pre- 
sented an unexpected difficulty when used in connection with rats 
on the low salt diet. Maintenance of retarded growth on such a 
ration is only possible if extreme care is taken to clean and remove 
all traces of excreta from the cage at frequent intervals. The urine 
of the rat is so viscid that the glass rods composing the bottom grid 
become soiled and salts from the urine then become available for 
the rat. In this connection, it may be mentioned that Skinner, 
Steenbock, and Peterson (1932) observed a delay in the onset of 
nutritional anemia due to the greater adhesion of excreta to the 
tubes which formed the bottoms of the glass cages used by them. 
In the present investigation animals were therefore left in individ- 
ual metal cages except during the collection periods. At such 
times the glass cage as described was employed with the modifica- 
tion that the bottom grid was replaced by one of 4 inch wire cloth. 

The filter paper used to absorb the urine was Durieux No. 121 
(Palo Company, New York). The circles were large enough to 


following composition: whole milk powder 25 per cent, casein 25 per cent, 
wheat embryo 20 per cent, lard 30 per cent. 
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rest on the flange of the plate where they were held in place by the 
weight of the cage. Before use, the papers were subjected to the 
following treatment. 

Bundles of 100 were first soaked in 2 N acetic acid for 24 hours, 
then placed in a large Buchner funnel and subjected to strong 
suction. After removal and soaking in 2 N acetic acid for 5 
minutes, they were sucked dry on the Buchner funnel as before. 
This process was repeated ten times. Finally they were soaked 
overnight in a 1 per cent solution of thymol in alcohol, to which 12 
ec. of glacial acetic acid had been added for every 100 cc. of solu- 
tion, and dried at room temperature. In this way a filter paper 
retaining a distinct odor of thymol and acetic acid and free of 
extractable salts was obtained. 

14 days after the change of diet, each rat (120 gm. in body weight) 
was placed in a glass cage to accustom it to the new environment. 
On the 17th day, the cage was placed over two filter papers pre- 
pared as described above. Each day the feces were removed and 
preserved in a 1 ounce bottle containing 95 per cent alcohol acidi- 
fied with a few drops of glacial acetic acid. At the same time any 
food which had been spilled was brushed into another 1 ounce 
bottle and kept for future weighing. Every 2nd day a clean 
cage was provided. The top filter paper was removed and a clean 
one placed below the one remaining. 

The following procedure was found satisfactory in rinsing off 
the cage: The glass cylinder was placed in the supporting plate 
and the inside rinsed with 2 N acetic acid, the washings being 
poured into a wide mouth 500 cc. jar in which was placed the 
removed filter paper. The metal grid was cleaned by removing it 
to a circular photographic dish. A small amount of water was 
poured into the dish so that an oscillating motion would force the 
liquid to and fro over the grid. This was repeated three times. 
Each portion of wash water was added to the jar and the jar was 
stored in the ice box. 

In the extraction of the urine from the filter papers, small Buch- 
ner funnels fitted to large suction flasks were used. Acid-washed 
filter papers were fitted to the funnels. The acetic acid in the jar 
containing the filter papers to be extracted was poured into the 
Buchner funnels and the papers themselves were placed in 400 ce. 
beakers. They were thoroughly macerated with 2 N acetic acid, 
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transferred to the Buchner funnel, and again sucked dry. The 
pack was removed to the beaker and the process repeated. Six 
such washings proved to be sufficient, but washing was continued 
until the filtrate amounted to 1500 cc. 

The feces were transferred to tared crucibles and evaporated 
three times with 95 per cent alcohol on a steam bath and dried in 
an electric oven at 100° for an hour. After the weight had been 
recorded, the sample was ground in a mortar as fine as possible 
and preserved in tightly stoppered vials. 

Each collection period was of 6 days duration except Period III 
of the rats fed the low salt diet, which was extended to 12 days. 
In the case of the normal rats, four such periods were studied; 
but subsequently Period III was omitted. The gain in weight 
during the collection period was recorded and the food intake 
weighed to the nearest 0.1 gm. 

For the estimation of the amount of urine excreted in 24 hours, 
individual rats were confined in special cages. The cages con- 
sisted of a grid made of } inch mesh wire cloth with a low wall 
formed by a strip of galvanized iron extending 2 inches above the 
grid. An inverted funnel was supported above this. The cage 
formed in this way was made as small as was compatible with a 
reasonable amount of freedom for the animal, and rested over a 
glass funnel. Urine was collected in a graduated cylinder beneath 
a layer of mineral oil and toluene. A wire grid, situated low down 
in the funnel, served to hold back the feces and a 5 cm. filter paper, 
moistened with a 1 per cent solution of thymol in alcohol, placed 
in the apex, insured a clear and uncontaminated urine. Water 
was supplied by means of a glass fountain. 

Analytical Methods—The. diets and vitamin adjuvants were 
analyzed by the standard procedures of the Association of Official 
Agricultural Chemists. Analysis of the excreta was subjected to 
considerable study and the adequacy of the technique in each case 
established by recovery experiments. The urine was analyzed 
according to the following scheme. 

Nitrogen and ammonia were determined on the dilute extract 
by a modified Kjeldahl procedure (Cohn, 1923) and the Van Slyke 
and Cullen (1914) aeration method, respectively. The dilute 
extract was then concentrated to a volume of 500 cc. and kept in 
Pyrex flasks until the fixed base had been estimated by the method 
of Stadie and Ross (1925). 


) 


110 Mineral Metabolism 


Calcium, phosphorus, and chlorine were estimated in this con- 
centrated urine extract. For the estimation of calcium an aliquot 
of 100 cc. was taken, evaporated to dryness, and ashed at a red 
heat. The residue was taken up in dilute nitric acid and diluted 
to a suitable volume. Calcium oxalate was precipitated according 
to the technique of Van Slyke and Sendroy (1929), the precipitate 
washed by the technique of Clark and Collip (1925), and finally 
titrated with 0.01 N potassium permanganate. 

Phosphorus was estimated colorimetrically by the method of 
Fiske and Subbarow (1925). The ashing was accomplished with 
magnesium nitrate as described by Berggren (1932). 

Chlorine was determined according to the blood chloride deter- 
mination of Van Slyke (1923-24). 

To determine the pH of the urine, 1 cc. of urine collected as 
described under the method for securing a 24 hour sample, was 
pipetted into a clean test-tube and diluted to 5 ce. with distilled 
water. A suitable indicator was added and the resulting color 
compared to standards of known pH, in a comparator. A study 
of the efficiency of the method for the collection of urine and deter- 
mination of its constituents indicated that an accuracy of +4.0 
per cent was attained. 

Diets—Three experimental rations were used in this investiga- 
tion. They were prepared as described by Swanson and Smith 
(1932), and may be designated as follows: the adequate diet 
(Diet II), the low salt diet (Diet III), and the special diet (Diet 
IV) which was fed in limited amounts to the controls with re- 
stricted intake. 

The vitamin adjuvants to all diets were provided by the follow- 
ing additions given to each rat apart from the ration: cod liver 
oil, 5 drops; ether extract of wheat germ, 3 drops; yeast powder, 
200 mg.; and alcoholic extract of wheat, 1 cc. Dried yeast? com- 
monly contains about 14 per cent of ash. For this reason only 
200 mg. were fed per day, but as this amount provided too little 
vitamin B, a supplementary addition of wheat germ extract was 
made. Both the ether extract and the alcoholic extract were 
prepared according to the methods given by Swanson and Smith 
(1932). 


2 Northwestern Yeast Company, Chicago. 


a 
XUM 


R. O. Brooke and A. H. Smith 111 


The composition of the three experimental diets is given in 
Table I. 

The low ash diet (Diet III) is practically devoid of calcium, but 
because casein was used as a source of protein, the phosphorus 
content is fairly high. Chlorine is present in appreciable amounts. 
Since the average food intake of the normal controls is 10 gm. per 
day and that of the other groups only 6 gm., the daily amounts of 
nitrogen, phosphorus, calcium, and chlorine ingested respectively 


TABLE I 
Composition of Experimental Diets 
Ingredients Diet II Diet III Diet IV 
per cent per cent per cent 
18 18 25.7 
Hydrogenated fat (Crisco)... ‘is 27 27 27.0 
Salts (Osborne and Mendel, 1918)... 4 0 5.7 
Vitamins as described in text 
TABLE II 
Analyses of Experimental Rations and Vitamin Adjuvants 
Diet No. Nitrogen | Phosphorus; Calcium | Chlorine Sulfur 
per cent per cent per cent per cent per cent 
II 2.75 0.43 0.52 0.21 1.75 
III 2.75 0.16 0.0018 0.06 1.40 
IV 3.74 0.50 0.72 0.27 
mg mg. mg mg 
Vitamin adjuvants, 6 
day portion......... 143- |. 36 3 8 


were as follows: normal controls, 0.280, 0.043, 0.052, and 0.021 
gm.; restricted intake controls, 0.220, 0.030, 0.043, and 0.016 gm.; 
rats fed the low salt diet, 0.170, 0.010, 0.000, and 0.004 gm. 

It is apparent that, although the controls with restricted intake 
received the same coloric value as the rats fed the low salt diet, 
their intake of these elements approached that of the normal 
controls. 

The analysis of the three experimental diets and the vitamin 
adjuvants are presented in Table II. Diet ITI, the low ash ration, 
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is practically devoid of calcium but would appear to contain ample 
phosphorus. The importance of this fact is emphasized later. 
Fixed base values could not be determined with any certainty 
and are therefore not included, but it would appear from the low 
percentage of total ash in the ration, from the phosphorus content 
of the ash of the casein, and from the urine analyses, that the 
amount in the low ash diet is negligible. 

It is apparent that the main source of inorganic constituents in 
the low salt ration (Diet III) is the vitamin supplement, especially 
the source of vitamins B and G. 
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Cuart I. Typical growth curves for rats 


Results 


Growth—Growth response of the different groups is presented in 
Chart I. Conditions of retarded growth were developed in both 
the controls with restricted intake and in the rats receiving the 
diet deficient in inorganic constituents. The former group showed 
a rate of growth intermediate between the animals fed the low 
salt diet and the normal controls. Comparison of the normal 
controls with rats described by Smith and Bing (1928) indicates 
that Diet II was adequate, as far as growth is concerned, over the 
period of time required in our experiments. In regard to the two 
groups showing retarded growth, the appearance of the animals 
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cannot be overemphasized. At the end of 90 days, the restricted 
controls were in excellent general condition and in appearance 
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CORRECTIONS 


On page 113, Vol. 100, No. 1, March, 1933, Table III, column 3, fifth and \ 
eleventh figures, read 1713 and 391 for 1711 and 291, respectively; column 6, 
eleventh figure, read 79 for 21; column 13, last group of figures, read 180, 
156, 136, 163, 169, and 161 for 154, 120, 100, 117, 133, and 126, respectively; 
last column, ninth figure, read 2 for —2 and in the last group of figures, read 
18, 17, 37, —23, 23, and 9 for —8, — 19, 1, —59, —13, and —27, respectively. 

On page 114, Table IV, column 3, last figure, read 109 for 19; column 4, 
first figure, read 902 for 685; last column, second, third, and fourth figures, 
read 221, 13, and 4 for 285, 21, and 7, respectively. 

On page 121, Table [X, column 2, eleventh figure, read 97 for 66. 
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TABLE III 
Balance Experiments* 
Normal controls Restricted intake controls| Rats on low salt diet . 
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| | 
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cannot be overemphasized. At the end of 90 days, the restricted 
controls were in excellent general condition and in appearance 


Normal controls Restricted intake controls Rats on low salt diet 
t Output Out; 
El ; Outpu' pu put 
mg. | mg. | mg.| mg. mg. | mg. | mg.| mg. mg. | mg. | mg.| mg. 
Nitrogen 14/2197/1360/281| 556) 50/1259/1092) 95) 260 
15/1953/1167/243| 543) 51/1259/1101| 84) 74) 43/1727|1479|265|—17 
426) 52)1259) 190) 
411) 55/1233/1009/113) 111) 47/1678/1164/165) 349 
56)1259|1226| 77|—44| 236 
90} 49/1800/1273/240| 287 
Chlorine 14) 165) 163 2| 89) 77 12) 34) 73 —16 
15) 146) 148 —2) 51) 89) 74 15) 43) 47) 59 —12 
24) 138) 144 52! 89) 76 13) 44) 52) 50 -2 
25) 138) 139 —1| 55) 66 21| 47| 46) 42 4 
27| 128) 122) 6) 56) 89) 84 5| 48) 52) 54 
58} 89) 7: 14) 49; 49) 52 -3 
Calcium 14) 291) 10/302} 21) 50) 219 4/173) 42) 34 7| 10| 3) —6 
15) 345) 12/308) 25) 51) 219 5/155) 59) 43 7 6 ‘ 
24| 324) 14/261) 49) 52) 219 6|172| 41) 44 7 7| 3| -—3 
25| 17/232) 76) 55) 214 5|135| 47 7| 14 6-13 
27| 299 9|228| 62) 56) 219 66) 48 7| 15) 2|—10 
58) 5|138| 76] 49) 10] 3| 
Phospho- | 14) 357) 134/137) 86) 50|-186) 85) 98) 3) 34) 154) 150) 12) —8 
rus 15) 319) 134/133) 52) 51) 72) 76) 38) 43) 120) 117) 
24! 123/101) 52 186 81| 91) 14) 44) 100) 88) il 1 
25) 303) 128/104! 71) 55) 183) 81) 63) 39) 47) 117) 159) 17|\—59 
27| 281| 113/104; 64) 56) 186) 72) 72) 42) 48) 133) 130) 16/-13 
186) 88) 65) 33) 49) 125) 134) 18|\—27 


* Only Period IV has been included in this table. 


were superior to the normal rats of the same age; their coats were 
sleek, the animals were active and alert. On the contrary, the 
rats receiving the low ash diet were evidently on the verge of 
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collapse at the finish of the experimental period. Their fur was 
ragged and “staring,” with baldness frequently present, and their 
movements though nervously active, were uncertain. The fore- 
legs of most of these animals were bowed. A bloody nose was a 


TABLE IV 
Averaged Balances for Periods I, II, and III 


Element Period No. | Normal controls | Restricted intake | Rats on. low 
mg. mg. mg 
Nitrogen I 717 685 590 
II 644 374 285 
III 566 
Chlorine I 19 21 21 
II 3 19 7 
III -1 
Calcium I 130 183 4 
II 108 129 -—7 
Ill 52 
Phosphorus I 130 131 43 
II 55 113 20 
Ill 19 
TABLE V 
Digestion of Protein Expressed As Coefficients of Apparent Digestibility 
Group Period I | Period II | Period III | Period IV 
Normal controls................... 91 90 90 89 
Restricted controls................ 94 94 92 
Rats on low salt diet.............. 89 92 89 


consistent phenomenon in this group, though abnormality of the 
lungs was very infrequent at autopsy. 

Nitrogen Balance—Typical nitrogen balance figures are given 
in Table III which, however, presents only values obtained in 
Period IV. The remaining periods are summarized in Table IV. 

On averaging the coefficients of apparent digestibility of protein 
for the three groups of animals, the figures presented in Table V 
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were secured. There is, therefore, no doubt that the rats receiv- 
ing a diet low in mineral matter maintain their power of digesting 
protein practically unchanged throughout the 90 day period, and 
at a level equal to or better than the control animals. 

Chlorine Balance—The fecal chlorine was not estimated in our 
experiments. Typical figures for the intake and urinary output 
are presented in Table III. A consideration of the excretion of 
chlorine was complicated by the discovery that the salt mixture 
used in making up the adequate diet contained less than half the 
correct amount. Such a shortage would not appear to be sig- 
nificant in view of the powers of retention for chlorine possessed 
by the animal body. There was, however, a slight negative bal- 
ance indicated in some of the normal rats although in no case was 
there any appreciable effect on the growth of the animals. The 
controls on restricted intake all show a positive balance. Diet 
III, although extremely low in mineral matter, nevertheless con- 
tained 0.06 per cent of chlorine, an amount well above the mini- 
mum requirement of rats as defined by Osborne and Mendel (1918). 

From the apparent utilization of protein it seems likely that, 
even in the rats on the low ash diet, the diminished chlorine intake 
did not interfere markedly with the production of gastric juice, 
although it is recognized that vigorous proteolysis occurs in the 
intestine also. Furthermore, the continued loss in the urine indi- 
cates that the threshold value of excretion had not been reached 
in these animals. 

Calcium Balance—The absorption of calcium ingested with the 
food is influenced to a great extent by factors affecting its solu- 
bility in the intestine. An abundance of phosphates in the diet 
increases the fecal loss of calcium because of the formation of 
insoluble phosphates. The presence of unabsorbed fatty acids in 
the digestive tract tends to a formation of insoluble calcium soaps 
which are excreted in the stools (Telpher, 1926). A potentially 
acid-producing diet by inducing an acid condition in the intestines 
improves absorption because it tends to prevent the formation of 
insoluble calcium compounds. In precisely the same way the 
ingestion of hydrochloric acid (Givens and Mendel, 1917) and of 
ammonium chloride (Stewart and Haldane, 1924) increases the 
urinary calcium at the expense of the feces. 

Typical values secured in balance experiments with our experi- 


; 
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mental animals are given in Table III. A consideration of the 
normal control calcium balances indicates that the retention of 
calcium varies with the rate of growth. That is to say, as the 
growth curve flattens out in Periods III and IV, the retention of 
calcium becomes correspondingly less (see Table VI). The re- 
lationship is more striking in the case of the control animals with 
restricted intake, as one would expect, because the growth of 
these animals is retarded by the limited caloric intake. In con- 
nection with the balance experiments with the rats receiving the 
low salt diet, there is evidently a decided contrast in comparison 
with either of the groups of controls. ‘The low salt diet is practi- 


cally devoid of this element so that the vitamin adjuvants are by 


TABLE VI 
Retention of Calcium by Normal Rats in Relation to Rate of Growth* 
Rat 14 Rat 15 Rat 24 Rat 25 Rat 27 


Body, | | | | | | | retsined | | 


gm. per cent gm. per cent gm. per cent gm. per cent gm. |per cent 
170 160 126 

231 45 190 40 200 45 

309 33 262 32 253 28 244 36 222 | 45 
356 18 292 20 280 15 278 12 

378 20 314 7 318 15 314 23 


* Body weights were taken at intervals of 21 days. 


far the greater source of supply. There is in general a small but 
persistent drain of calcium from the organism, the average loss for 
Period I being 4 mg., for Period II 7 mg., for Period IV 7 mg., and 
it is conceivable that if a small supply of calcium were added to 
the low ash diet at the beginning of Period IV; that is to say, 
after the animals have received the low ash diet for about 60 
days, a condition of retarded growth might be maintained for far 
longer periods of time than has yet been attempted. 


Phosphorus Balance—The absorption of phosphorus by the ~ 


organism like the absorption of calcium is augmented by any fac- 
tor that influences the solubility of phosphates in the alimentary 
tract. Each of these two elements influences the metabolism of 
the other. A diet high in calcium and low in phosphorus will tend 


( 
tl 
Ce 
el 
ol 
of 
ce 
th 
co 
by 
or 
| 
th 
tel 
tio 


R. O. Brooke and A. H. Smith 117 


to produce a high fecal loss of both because of the precipitation of 
insoluble calcium phosphate in the intestine. The ingestion of 
acid increases absorption of phosphorus; alkalies have the opposite 
effect. Fatty acids by the formation of calcium soaps may pos- 
sibly induce greater absorption of phosphorus by diverting cal- 
cium. Under ordinary conditions, fecal phosphorus consists almost 
entirely of unabsorbed phosphorus. 

In fasting rabbits 93 to 99 per cent of the excreted phosphorus 
is found in the urine (Wellman, 1907). The magnitude of phos- 
phorus absorption and excretion has an interesting significance in 
the present investigation, because, with the possible exception of 
sulfur, it is the one potentially inorganic constituent of the low ash 
diet of which there appears to be an ample supply. In Table III 
will be found the results of the phosphorus balance experiments 
with all three groups of rats. 

In spite of the distorted calcium-phosphorus ratio, evident in 
the low salt diet, due to the use of casein in a ration practically 
devoid of calcium, no pathological condition such as rickets de- 
velops in the animals fed the low salt diet. There is instead a 
condition of extreme osteoporosis (Swanson, 1930). 

It is an interesting fact that if the phosphorus ingested with the 
vitamin adjuvants by rats fed the low salt diet be subtracted from 
the total intake of this element, the urinary phosphorus, in most 
cases, is roughly equivalent to the phosphorus combined in the 
casein eaten by these rats (see Table VII). 

Excretory Acid—What is the physiological mechanism that 
enables rats receiving a diet low in inorganic constituents to metab- 
olize a ration so potentially acid? The fluids bathing the cells 
of the body possess a certain eleetrolyte concentration. This con- 
centration is one of the most carefully guarded constants within 
the organism. Under various conditions the anions may change 
considerably; vomiting may cause a replacement of the lost Cl 
by HCO,; hyperventilation reverses this adjustment and in fasting 
organic acids replace both Cl and HCOs. There is, however, little 

or no lowering of the concentration of total fixed base except under 
the severest pathological conditions such as may occur in the 
terminal stages of nephritis. 

Conservation or control of base in the organism is a major func- 
tion of the kidneys. The mechanism of this regulatory power 
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involves two factors, base economy and ammonia production. 
Base economy arises from the ability of the kidney to secrete a 
urine of greater acidity than the blood. Phosphoric acid and 
organic acids can enter the urine with less base than they require 
in the body fluids. On the other hand, at the usual pH of urine, 
carbonic acid cannot be considered as a cause of loss of base. 


TABLE VII 
Comparison of Urinary Phosphorus of Rats Fed Low Salt Diet, Intake of 
Phosphorus Derived from Casein of Diet 


Rat No. Period No. ite | output in urine 

mg. mg. 
34 I (6 days) 70 66 
43 58 52 
44 57 47 
45 58 58 
47 84 62 
48 61 56 
49 50 49 
34 II (6 days) 38 102 
43 64 64 
44 57 59 
45 53 47 
47 59 50 
48 63 56 
49 46 71 
34 IV (12 days) 154 150 
43 120 117 
44 100 88 
47 117 159 
48 133 130 
49 125 134 


Henderson (1907) has pointed out that although phosphates at 
the pH of the body fluids are excellent buffers, yet the concentra- 
tion of inorganic phosphorus in the blood is quite low so that it is 
chiefly in the urinary excretion that phosphates contribute to the 
acid-base economy in the organism. Conditions tending to pro- 
duce an acidosis increase the total excretion of phosphates in the 
urine. 
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The strong acids, hydrochloric and sulfuric, cannot be present 
in urine unbound. They require their full equivalence of base 
even in the most acid urine. 

The second factor in the conservation of base is perhaps more 
important than the first. Ammonia occurs normally in the urine 
in appreciable amounts, but is is found in the blood in such minute 
concentration that it is difficult to estimate. Ingested ammonium 
salts are removed with extreme rapidity even when the renal cir- 
culation has been cut off; it is therefore not directly excreted by 
the kidneys. Benedict and Nash (1929) concluded from their 
experiments that urinary ammonia was produced in the kidneys 
and there is much clinical evidence to support this theory. Pre- 
sumably a reversible reaction takes place in the kidney between 
urea and ammonia, depending on the requirement of the body for 
the excretion of acid. It is not primarily a mechanism for the 
control of the normal H ion concentration in the blood and the 
tissues, but is more directly concerned in the conservation of base 
by substitution, and seems to be responsive to the level or avail- 
ability of base irrespective of the presence of acidosis (Gamble, 
Ross, and Tisdall, 1923). 

The principles discussed above underlie the ability of the experi- 
mental rats in the present study to exist for considerable periods 
on a diet extremely poor in base and possessing a high potential 
acidity. A comparison of the pH of the urine excreted by normal 
rats fed the adequate Diet II with that of the animals fed the low 
salt diet (Table VIII) makes evident a marked increase in the 
urinary acidity in the case of the rats subjected to the low salt 
acidogenic diet. This indicates an improvement in the base 
economy because of a more effective removal of acid from the 
blood by the kidneys. Since the ratio BH,PO,:B,HPO, in the 
plasma of these rats is approximately 1:4, the base bound in terms 
of normality by H;PO, while being conveyed for excretion is 1.8 
times the molecular concentration of the acid. There is of course 
some conservation of base in the case of the normal animals which 
have a urinary pH of about 6.7 but the renal efficiency of the rats 
fed the low salt diet is remarkably increased, as indicated by a 
urinary pH of about 6.0. At this pH the base equivalence is 1.12 
which represents a saving or conservation of base for the organism 
of nearly 38 per cent. 
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In Table IX are given the percentages of absorbed phosphorus 
excreted in the urine of all three groups of rats, together with the 
values representing urinary total fixed base and ammonia. The 
low figures for fixed base in the urine of the rats fed the low salt 
diet indicate the marked power of conservation. Furthermore, 
these animals increased their excretion of urinary phosphates, a 
result of the acidogenic nature of the diet. Therefore, the quan- 
tity factor was altered to assist in the maintenance of the acid-base 
equilibrium within the organism. However, a significant increase 
in the excretion of ammonia is perhaps the most effective factor in 
the mechanism of acid excretion in these rats. The extent and a 


TABLE VIII 
Comparison of pH of Urine of Normal Controls and Rats Fed Low Salt Diet 
Normal controls* Experimental rats 
Urinary pH 
Rat No. Urinary pH Rat No. 
Period II Period IV 
61 6.7 34 6.1 5.9 
62 6.7 43 5.8 5.9 
63 6.7 44 5.9 6.0 
64 6.8 47 6.0 6.0 
65 6.7 48 6.2 6.1 


* It will be observed that these control animals were not the same ani- 
mals used in the mineral balance studies. They were, however, subjected 
to precisely the same treatment. 


comparison of the ammonia production of all three groups of 
animals are presented in Table IX. 

In so far as is warranted by the present investigation, an analysis 
of the acid excretion of the rats receiving the low salt diet is given 
in Table X. The method of collection of feces and urine, involv- 
ing as it did the use of acetic acid, made it difficult to estimate the 
titratable acidity and the determination was not accomplished. 
In this connection, on the basis of the values given for sulfur, an 
assumption is made that 88 per cent of the total urinary excretion 
is in the form of inorganic sulfate (Folin, 1905). 

It would appear that despite a limitation of inorganic constitu- 
ents of the diet severe enough to retard growth and despite an 
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unbalance in the ration between base and phosphorus, there is an 
excess of base available for neutralization of metabolic acids ex- 
creted in the urine in all except the final experimental period. 
This is made possible by the high proportion of ammonia in the 
urine. It seems likely that one of the causes of death in these 


TABLE IX 
Conservation of Base by Rats Receiving Diet Low in Inorganic Constituents 
No.* | Bxperi- Restricted intake] normal controls | Experimental rate 
—— 9 es Fized | Ammo-| Fixed | Ammo- 
base nia base nia base nia 
I 31 55 62 88 13 122 18 6 54 
31 45 53 65 13 147 10 7 47 
32 41 53 78 13 138 12 6 47 
40 42 62 89 ll 150 9 ll 48 
38 37 64 80 13 148 15 5 43 
II 40 39 68 78 12 162 15 5 37 
44 55 73 91 1 147 12 ll 43 
50 66 68 86 15 88 15 6 33 
42 32 62 78 15 121 10 10 47 
60 57 97 94 12 133 14 14 47 
IV 66 61 89 86 11 194 15 6 94 
65 72 87 88 i) 202 9 5 61 
68 62 | 117t | 75 18 199 15 24 45 
63 64 85 75 13 185 14 18 64 
73 64 93 81 12 166 14 4 76 


* Periods were 6 days in duration except Period IV, experimental rats, 
which was 12 days. 
t Negative balance. 


animals is the failure of ammonia production, inasmuch as they 
usually fail to survive much beyond the 90 day experimental 
period. During Periods I and II the potential acidity derived 
from the metabolism of the dietary casein was well within the 
control of the animal, because the intake of acidogenic food was 
voluntarily reduced. However, the tolerance in this respect had 
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evidently reached its limit in Period IV, a fact reflected in the poor 
condition of these rats at the end of the 90 day period. 
Unfortunately the intake of fixed base was not accomplished 
satisfactorily; however, from a consideration of the authentic 
analyses of yeast (Leach, 1920), it is evident that even though the 


TABLE X 
Analysis of Process of Acid Excretion by Rats Fed Low Salt Diet 

Period | Rat 0.1 acid excretion 0.1 ~ base excretion 0.1N 
No.,* No. excess 
6 days HsPO. | H:80. | HCI | Total | NH+N| Fed | | 

ce. ce, ce. ce. ce. ce. 

I 34 24 11 4 39 54 6 21 

43 19 9 5 33 47 7 21 

44 17 9 4 30 47 6 23 

47 23 7 5 35 49 11 25 

48 21 9 4 34 43 5 14 

49 18 12 4 34 39 6 11 


w 


II 


ant owac 


~ 


IV 6 
5 
41 24 
64 18 
76 4 
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* Period IV for rats fed the low salt diet was 12 days. 


rats on a low salt diet continued to excrete fixed base, the balances 
in this respect were not negative. 


SUMMARY 


At the outset it appears remarkable that rats receiving the 
experimental ration extremely low in inorganic residue can sur- 
vive for 90 days. The present study of the mineral metabolism 
during maintenance on the salt-poor régime has emphasized the 
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flexibility and efficiency of the biochemical mechanisms whereby 
the organism adjusts itself to the physiological emergency im- 
posed by the deficiency of the diet employed. 

The utilization of protein was unimpaired, the retention of 
nitrogen being roughly proportional to the gain in weight. The 
chlorine in the diet was apparently ample for the continued secre- 
tion of gastric juice. Chlorine was excreted into the urine in 
amounts that indicated that the renal threshold value for this 
element was not reached. 

The pH of the urine of these rats and of the normal animals fed 
the adequate diet was 6.0 and 6.7 respectively. There was an 
increase of phosphorus excreted in the urine of the experimental 
animals as compared to that of the controls. A marked increase 
in the production of ammonia by the kidneys of the rats fed the 
low salt diet was the most important factor in facilitating the 
excretion of acid. 

There was a significant drain of calcium from the rats fed the 
low salt diet. It seems probable that this loss of calcium is an 
important cause of the ultimate death of these animals. The 
fact that tetany frequently develops in rats receiving a diet low in 
mineral matter gives some support to this idea. 
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THE RATE OF ABSORPTION OF GLUCOSE FROM THE 
GASTROINTESTINAL TRACT OF THE DOG 


By HARRY C. TRIMBLE anp BENJAMIN W. CAREY, Jr. 
(From the Biochemical Laboratory of Harvard Medical School, Boston) 
anp STEPHEN J. MADDOCK 
(From the Laboratory of Surgical Research, Boston City Hospital, Boston) 


(Received for publication, December 20, 1932) 


20 years ago Fisher and Wishart (1) introduced known quanti- 
ties of d-glucose into the stomachs of dogs and after experimental 
periods of varying lengths killed the animals and determined the 
quantity of sugar still remaining in the gastrointestinal tract. 
Using these data as a basis, Sansum and Woodyatt ((2) p. 169) 
several years later calculated the rate of absorption of this carbo- 
hydrate in relation to the weight of the animals and to the length 
of the experimental period. They concluded that the intact dog 
could absorb 1.6 to 1.7 gm. of d-glucose per hour for every kilo of 
its body weight. The value thus obtained has been quoted re- 
peatedly and has been used frequently by subsequent investiga- 
tors as a basis for calculations and comparisons. 

As the preliminary step in undertaking a research of a different 
nature, we had occasion a few years ago to repeat the procedure 
of Fisher and Wishart several times. The absorption rates en- 
countered were so much lower than those calculated by Sansum 
and Woodyatt that it was deemed necessary to explore the entire 
field once more. As a result we have reached the conclusion 
that, with its stomach and intestine functioning as a physiological 
unit, the dog can absorb glucose at a rate approximating only 1 
gm. per hour per kilo of body weight, a value considerably lower 
than the one currently accepted. 

Before presenting our own data we shall summarize briefly the 
procedure and the results of Fisher and Wishart. These authors 
used dogs weighing 8 to 9 kilos, which, after having been on a 
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uniform diet for several days, were fasted for 24 hours and then 
given by mouth 50 gm. of glucose contained in 150 ce. of water. 
At the end of the experimental period (1 to 4 hours) the animals 
were killed by a blow upon the head, the contents of the stomach 
and the intestine were collected separately, covered with 95 per 
cent alcohol, and the sugar still present was determined by the 
method of Allihn (3). In the five experiments recorded, the 
quantities of ingested sugar not recovered from the gastrointestinal 
tract were respectively: 41.5 gm. after 1 hour, 38.2 and 32.4 gm. 
in the duplicate 2 hour experiments, 42.6 gm. after 3 hours, and 
none at all after 4 hours. On the basis of these experiences, Fisher 
and Wishart concluded that “the absorption of 50 grams of dex- 
trose in dogs weighing between 8 and 9 kgms. is rapid and is com- 
pleted during the fourth hour after the administration of the 
sugar.” 

Reference should be made also to the recent work of Cori (4) 
upon animals of a different species. This investigator has meas- 
ured the rate of absorption of d-glucose (and a number of other 
sugars) from the gastrointestinal tracts of rats. His researches 
have standardized the procedure for studying absorption from the 
intact alimentary canal and have placed the method upon a satis- 
factory experimental basis. Especially noteworthy have been 
his findings that for rats the rate of absorption of a sugar is a 
linear function with respect to time and is independent of both 
the concentration and the absolute quantity ingested. 


EXPERIMENTAL 


In its broad outlines our method of experimentation has been 
similar to that of Fisher and Wishart. In the elaboration of a 
number of details we have had the advantage of Cori’s compre- 
hensive description (4) of the technique which he employed in 
studying absorption by rats. Since the use of larger animals as 
subjects introduces some additional complications and since our 
results are at variance with conclusions long accepted, we shall 
describe our method of experimentation in detail. 

Male animals were employed regularly as the subjects in a 
majority of our absorption experiments. The few exceptions to 
this rule are designated specifically in presenting the data. The 
individuals chosen weighed between 10 and 20 kilos and were 
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selected so that only animals in good nutritional condition, neither 
fat nor thin, were used. For several days preceding the experi- 
ments these were under our direct observation and control. They 
were subjected to sham experiments and had opportunity to be- 
come accustomed to the surroundings to be encountered on the 
day of the experiment. They were given their final feeding of 
approximately 300 gm. of ground meat and 300 cc. of milk 18 to 
24 hours before the experiment. Upon the day of the experiment 
the animal was permitted a short run in the yard, was weighed 
upon a scale accurate to 0.1 kilo, and a preliminary specimen of 
blood was taken. The dog then received by stomach tube an 
exactly measured quantity (100 to 300 cc.) of a solution of d- 
glucose (temperature 37°) of known concentration. A small 
measured quantity of water was employed to rinse the sugar 
container and the funnel of the stomach tube. A porcelain dish 
was held in position to receive the stomach tube as it was with- 
drawn. Later the interior and exterior of this tube were rinsed 
to recover the glucose which might have adhered to it. Routinely 
this was determined and allowance was made for it in calculating 
the quantity of glucose actually administered to the dog. (Re- 
gurgitation of fluid at the moment when the stomach tube is with- 
drawn, or shortly thereafter, constitutes the most serious hazard 
to the success of such an experiment. Training the animals by 
several sham experiments enabled us to minimize this difficulty.) 
After the sugar feeding, the animal was placed on the floor in a 
corner of the laboratory or returned to its cage in a quiet room. 
When it was desired to retain the animal at hand for the taking of 
blood samples, it was found that the presence beside it of a pet dog 
trained to lie quietly upon the floor had a decidedly soothing 
effect and usually led the subject of experimentation into a similar 
behavior. At the conclusion of the absorption period the animal 
was placed upon a table, and given a rapid intravenous injection 
(saphenous vein) of amytal (100 mg. per kilo), which caused death 
to ensue immediately and without a struggle. Throughout this 
last procedure it is important that the animal’s head should be 
raised to a slightly elevated position and maintained thus until 
an incision can be made into the neck and the upper end of the 
esophagus ligated. Failure to observe this precaution may permit 
fluid to flow out of the esophagus into the pharynx and trachea 
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thus escaping observation and collection. If the abdominal cavity 
be opened first and the stomach manipulated even slightly in 
ligating the lower end of the esophagus, the probability is very 
great that error from this source will occur when dogs are being 
used. It is obvious that loss of sugar in this way would lead to 
apparent absorption rates higher than actually exist. How exten- 
sively this error may have entered into previous work it is not 
possible to judge. 

Immediately after the ligation of the upper end of the esophagus 
it was our custom to open the abdomen with a mid-line incision 
and to place stout ligatures at the pylorus, the ileocecal valve, 
and around the rectum at the lowest level possible. The stomach 
with the esophagus attached, the small intestine, and the large 
intestine were all dissected from their attachments and lifted out 
individually. The contents of the stomach and of the intestine 
were collected separately and the volume of each measured. 
Each organ was washed out repeatedly with 5 to 7 portions (50 
to 100 ce.) of distilled water until the final washing was clear and 
gave a negative test for the presence of reducing substances. 

In only a few instances did the large intestine contain fluid at 
the termination of the experiment. As a matter of routine this 
was always tested for reducing substances but in only one case was 
the quantity found a significant fraction of the total recovered 
from the gastrointestinal tract. The urine in the bladder was 
always collected and subjected to Benedict’s (5) qualitative test 
for sugar. The result was uniformly negative. 

Analytical Procedures—The method of titration described by 
Folin and McEllroy (6) and Folin and Peck (7) was used to deter- 
mine the concentrations of glucose existing in the solutions pre- 
pared for ingestion and those recovered from the alimentary tract. 
Before making measurements upon the latter solutions it was our 
custom to remove protein by the addition of approximately 0.1 
volume each of 10 per cent sodium tungstate and 3 n sulfuric 
acid as in the Folin-Wu (8) procedure for blood. The intestinal 
contents were clarified further by shaking with Lloyd’s reagent 
(9). In control experiments it was found that the recovery of 
sugar from stomach extracts was substantially the same whether 
the titration was made directly upon untreated stomach contents, 
upon a filtrate to which tungstic acid had been added, or upon the 
latter after it had been shaken with Lloyd’s reagent. 
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When the sugar content of the intestinal extracts was too low to 
be titrated, it was measured by diluting the Lloyd’s reagent fil- 
trate to volumes such that the revised Folin-Wu (10) colorimetric 
procedure could be employed. In control experiments it was 
determined that the quantity of the non-fermentable reducing 
substances which remained after treatment of these filtrates with 
washed yeast by Benedict’s procedure (11) was very slight and of 
the same order of magnitude as that found in extracts from in- 
testines of fasting dogs (see later sections). For determinations of 
blood sugar either the copper reduction method of Folin and Wu 
(10) or the microferrocyanide procedure of Folin (12) was em- 
ployed. Glucose from the Bureau of Standards served for stand- 
ardization of reagents. 


Control Experiments 


Reducing Substances Normally Present in Stomach and Intestine 
of Fasting Dog—In five instances the stomachs of fasting dogs were 
washed out and after treatment with tungstic acid and Lloyd’s 
reagent the reducing material was measured by the revised Folin- 
Wu blood sugar method (10). The quantities found calculated as 
glucose were 13, 3, 51, 1.4,and4mg. Ina similar manner 36, 22, 
and 34 mg. of reducing substances were found in the small intestine 
of three fasting dogs. Because of the small magnitude of these 
quantities no correction for them was made in our calculations. 

Error Due to Destructive Action of Bacteria in Alimentary Tract— 
In his experiments with rats, Cori (4) found that the destructive 
action of bacteria normally present in the stomach and intestine 
was sufficient to account for only an insignificant fraction of the 
total sugar which disappeared from this region during an absorp- 
tion period. That this agency contributed very little to the disap- 
pearance of glucose from the gastrointestinal tract of our dogs 
was demonstrated by observations made during our research. 
In the paragraphs which follow some of our data upon this point 
are presented. 

Under amytal anesthesia the abdomen of a dog was opened and 
ligatures were placed around the lower end of the esophagus and 
the pylorus and 48.86 gm. of glucose in 32 per cent solution were 
allowed to flow into the stomach through a hollow needle. After 
1.5 hours the animal was killed and the contents of its stomach 
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were washed out into a volumetric flask. The sugar recovered 
was 99.2 per cent of that originally ingested. 

In another experiment under amytal anesthesia the small in- 
testine was ligated at both ends, dissected free of its mesentery, 
and lifted into an evaporating dish. A solution (approximately 
150 ce.) previously warmed to 37° and containing 6.13 gm. of glu- 
cose was introduced into the intestine through a hollow needle. 
After the solution had been uniformly distributed throughout the 
intestine, the latter was placed in the hot room and maintained at 
37° for 2 hours. At the close of that period the intestine was 
washed out and the sugar remaining was determined. The quan- 
tity recovered was 6.18 gm. 


Results 


In Table I we present a record of the quantities of d-glucose 
which were administered to the experimental animals and of the 
amounts which were recovered from the stomach and from the 
small intestine after intervals of 1, 2, and 3 hours respectively. 
It may be noted that the average rate of absorption found for the 
fifteen male dogs was 0.99 + 0.17 gm. per kilo per hour, and that 
substantially the same value was obtained for each series. The 
individual results for the 1 hour experiments vary more from each 
other and from the average of the entire group than do those which 
extended over longer periods. It is believed that the wider 
fluctuations encountered in the short experiments may be ascribed 
to (a) unavoidable irregularities in the technique of handling the 
experimental animals, and (b) the occasional activity of the py- 
lorus' in delaying the passage of the sugar solution to the region 
where the most rapid absorption occurs. Both of these factors 
would have greater opportunity to produce conspicuous variations 
in the rates when the time for absorption is brief. Therefore, 
lengthening the absorption period should minimize the effects of 
extraneous influences of the character just mentioned upon the 
rates actually observed. That this expectation has been realized 
is shown by the greater uniformity of the rates found for the 2 and 
the 3 hour series. With the data for these two periods only, the 


1A series of observations bearing particularly upon the effect of the 
activity of the pylorus upon absorption rates has been made and will be 
presented elsewhere. 


Trimble, Carey, and Maddock 


131 


magnitude of the mean deviation is considerably reduced and the 
average rate becomes 0.99 + 0.05 gm. per kilo per hour. Since 


TABLE I 


Rate of Absorption of d-Glucose from Gastrointestinal Tract of Male Dogs 


Glucose 
Blood 
Given Recovered Absorbed sugar at 
No. of Absorp- termi- 
tion Con-| In | I Rate | nation 
Total | centra-| stom- | intes- | Total | Total {per kilo) 
tion ach tine per hr. 

9 | 17.0 1 26.93} 4.5 | 10.33) 2.30 | 12.63) 14.30) 0.84; 139 
2 | 16.5 1 29.52) 8.1] 7.87) 0.93 | 8.80) 20.72) 1.26 | 127 
3 | 14.1 1 25.70) 8.9 | 6.39} 0.43 | 6.82) 18.88) 1.33 | 135 
5 | 14.6 1 23.18} 9.5 | 9.90) 2.46 | 12.36) 10.82) 0.74 | 153 
6 | 13.7 1 20.19) 9.7 | 4.52) 0.46 | 4.98) 15.21) 1.11 105 
1 | 20.8 1 59.00) 16.8 | 39.00) 2.80 | 41.80) 17.20) 0.83 | 148 
4 | 16.0 1 47.40) 23.7 | 21.64) 8.52 | 30.16) 17.24) 1.07 | 123 
7 | 15.5 1 45.50) 46.4 | 20.58)12.55*| 33.13) 12.37| 0.80 83 
16 | 11.2 2 27.76; 11.1 | 5.71) 1.75 | 7.46) 20.30) 0.91¢; 130 
15 | 14.2 2 36.99) 11.5 | 6.97) 1.05 | 8.02) 28.97) 1.02¢| 154 
ll 18.6 2 53.02) 15.1 | 15.51) 1.08 | 16.59) 36.43) 0.98 93 
12 | 15.0 2 48.21) 16.1 | 14.47| 2.97 | 17.44) 30.77) 1.02 | 173 
10 | 16.5 2 60.60) 20.2 | 26.72) 0.95 | 27.67) 32.93) 1.00 | 126 
14 | 12.4 3 44.60) 13.9 | 4.11) 2.38 | 6.49) 38.11) 1.02 | 104 
13 | 16.9 3 65.55) 20.2 | 9.71) 3.75 | 13.46) 52.09) 1.02 | 133 
18 | 15.6 3 72.54) 20.7 | 25.45) 5.41 | 30.86) 41.68) 0.89 | 150 
17 | 19.0 3 85.23) 27.5 | 19.25) 7.46 | 26.71) 58.52) 1.03 172 


Grand average, male dogs only = 0.99 + 0.17; all experiments = 0.99 + 


0.15 


* Including 8.10 gm. in large intestine. 
t Female dogs, data not included in average. 


the measurements of the rate were continued until the grand 
average for the entire series had become stabilized within a limited 
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range, we conclude that the normal male dog has the capacity to 
absorb during 1 hour approximately 1 gm. of glucose per kilo of 
body weight. 

Cori (4) observed that rats continued to absorb sugar at a uni- 
form rate until at least 90 per cent of the ingested sugar had disap- 
peared. In no one of our experiments had this limit been reached 
and in only a few cases was it even approached. In fact, the 
quantity of sugar still present in the stomach and the intestine at 
the termination of a majority of the experiments was sufficient 
to have permitted absorption to have continued at the then exist- 
ing rate for at least 1 hour longer. Therefore, the fact that the 
rates of absorption observed by us are lower than the value hith- 
erto accepted cannot be explained on the basis of lack of a glucose 
supply sufficient to keep the dog’s absorption process in action at 
its maximum physiological rate. 

Holtz and Schreiber (13) in a brief section (p. 51) of a recent 
paper have mentioned that they have observed glucose absorption 
in dogs at rates ranging from 0.85 to 0.95 gm. per kilo per hour. 
Neither the experimental data supporting that statement nor a 
description of their methods was presented in that or in subsequent 
communications which we have found. 

The individual experiments (Table I) are tabulated in an order 
such that in each of the three groups the concentration in solution 
of the sugar administered increases as one reads down the table. 
It will be evident that the individual rates of absorption are not 
related in any regular manner to this factor. If one cares to group 
the absorption rates recorded in relation either to the dosage per 
kilo, to the absolute weight of sugar ingested, or to the weight of 
the experimental animals, it will be disclosed that the results 
obtained fluctuate independently of each of these variables. In re- 
spect to these factors our experiences have proved quite similar to 
the observations upon rats reported by Cori (4). 

Effect of Sex—The average absorption rate obtained is believed 
to reflect adequately the absorbing capacity of male dogs. In the 
few instances observed, female dogs also happened to show rates 
similar to those for males. These experiments, however, are not 
sufficiently extensive to warrant any general conclusion. 

Effect of Experimental Manipulations—In most instances the 
animals were subjected to venepuncture at intervals throughout 
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the course of the experiment. In three cases (Experiments 12, 
13, and 14) immediately after ingesting the sugar the dogs were 
returned to their cage in an animal room (otherwise empty) where 
they remained undisturbed for 2 or 3 hours. The average rate of 
absorption for these three experiments was 1.02 gm. per kilo per 
hour. Since this is so close to the average for the entire series, 
we conclude that excitement played no réle as a factor in our ex- 
periments. (In this connection see a previous section where the 
routine procedure in handling the animals during experimentation 
is described.) 

Effect of Absorption upon Blood Sugar—The blood of the animals 
used was sampled before the glucose was ingested and at definite 
periods thereafter. When the observations upon the concentra- 
tions of the sugar in the blood obtained in the different experiments 
were all plotted upon the same graph it was found that the various 
curves overlapped and interwove with each other very extensively. 
Since the shapes of the individual curves bear no regular relation 
either to the dosage of glucose per kilo of the animal’s weight, to 
the concentration of the sugar in the solution ingested, or to the 
rate of absorption, the data obtained are not recorded in detail. 
One feature which does stand out strikingly in several experi- 
ments warrants presentation. This concerns the concentration 
of sugar in the venous blood and the lack of significance of its re- 
turn to the normal range as an index of the completion of the 
absorption process. Concrete instances showing how data of this 
nature might lead to an interpretation of events which would be 
totally erroneous is disclosed by the blood pictures for Dogs 11 and 
7 recorded in Table II. The averages of the concentrations exist- 
ing at the corresponding intervals in the entire series of experi- 
ments are presented in order that a comparison may be made. 

In the experiment with Dog 11 the blood sugar rose 15 mg. dur- 
ing the first quarter hour and then (with very moderate fluctua- 
tions) remained at a level which many would consider normal for 
a fasting animal. Actually 36.42 gm. of sugar were being ab- 
sorbed at a rate of 0.98 gm. per kilo per hour, and yet the result- 
ing activity produced only a slight increase in the venous blood 
during the period when all this transfer was in progress. Likewise, 
in the case of Dog 7, those who rely upon venous blood concentra- 
tions as an index of absorption activity would have concluded that 
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the process had been completed when actually 33 of the original 
45 gm. remained unabsorbed. Search of our records has disclosed 
four other instances of venous blood sugar curves which remained 
nearly flat for several hours after the dogs had ingested glucose. 
At the time when these were obtained we wondered whether any 
absorption had taken place. Since recovery studies were not 
made upon the animals involved at the appropriate time, no con- 
clusions regarding the actual course of events were possible either 
then or now. However, these experiences serve to strengthen 
our belief that curves of a type as flat as that of Dog 11 may be 
encountered much more frequently than is generally suspected. 
It would seem appropriate, therefore, that reliance upon normal 
venous blood sugar values as evidence that absorption has been 


TABLE II 
Sugar in Venous Blood after Glucose Ingestion 
Concentrations are expressed in mg. per cent. 


Before Intervals after ingestion —_, 

inges- . per 

8 | 100; 92; 96| 93); 0.98 

80 | 102/ 106| 89) 83 0.80 
Average values in 13 

experiments......... 85 | 103 | 123 | 127 | 130 | 123 | 148 | 0.98 


completed should be abandoned entirely and that conclusions 
based upon older data of this sort should be carefully scrutinized 
once more. In particular it may be pointed out that in many 
experiments in which successive doses of glucose have been 
ingested by dogs the time allowed for absorption of the first 
quantity has not been sufficient for this process to have been com- 
pleted. Therefore the failure of the second dose to affect the 
level of sugar in the venous blood is explained by the overlapping 
of the successive doses while in the intestinal tract so that the 
second became merely a continuation of the first. 


DISCUSSION 


Comparison of Physiological Rate for Introducing d-Glucose into 
and Removing It from Circulating Blood of Dog—Woodyatt, San- 
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sum, and Wilder (2, 14) demonstrated in 1915 that dogs can receive 
glucose intravenously at a rate of 0.85 gm. per kilo per hour for 
long periods without producing a glycosuria sufficient to yield a 
qualitative reduction test with Fehling’s or with Haines’ solutions. 
If the initial velocity of infusion was only slightly greater than 
that just mentioned, then a pronounced glycosuria resulted within 
a very brief interval—usually less than 30 minutes. In the later 
and more exact measurements recorded by Felsher and Woodyatt 
(15) the critical rates of injection which called forth a definite and 
pronounced glycosuria averaged 1.0 gm. per kilo per hour. These 
contributions of Woodyatt and coworkers served to introduce and 
to establish in the literature the concept that a rate of 0.85 to 1.0 
gm. of glucose per kilo per hour represented the maximum speed 
at which the tissues of a dog which has just broken a short fast 
are prepared to remove d-glucose from the circulating blood and to 
dispose of it in a physiological manner. 

It was in connection with these same investigations that San- 
sum and Woodyatt made their recalculation of the absorption data 
of Fisher and Wishart to which we have referred in an earlier 
section. As a consequence of that computation the opinion also 
became current that the quantity 1.7 gm. per kilo per hour rep- 
resents the normal physiological rate at which glucose (ingested 
alone) may be introduced into the blood of the dog through the 
gastrointestinal route. 

Ever since these publications a rather anomalous situation has 
existed. It appeared to have been established that nature had 
provided for the entrance of d-glucose (under physiological cir- 
cumstances) into the blood of a dog at a velocity approximately 
twice the maximum rate at which the animal’s tissues are pre- 
pared to remove it from the circulation and to dispose of it without 
waste. This anomaly was removed, in part, by the observation 
of Felsher and Woodyatt ((15) p. 738) that the mechanism for 
removing sugar from the blood and for disposing of it in a physio- 
logical manner can be stimulated to increased activity by a pre- 
liminary injection of glucose. Somewhat later Jordan (16) in 
confirming and amplifying this observation, injected animals in- 
travenously for 2 hours at the subtolerant rate of 0.7 gm. per 
kilo per hour and followed this with an injection at a velocity of 1.5 
gm. per kilo per hour without provoking a gross glycosuria. Thus 
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it was shown that the rate of removal of glucose from the blood 
may be elevated to a value nearly double that initially exhibited 
by a dog just after the termination of a short fast. 

After the experiments of Jordan had been recorded, the situa- 
tion with regard to the relation of the rate of absorption of glucose 
to the rate of its disposal in the dog had reached the following 
state. It appeared to have been established that the velocity 
initially available in the dog for withdrawing glucose from the 
blood and for disposing of it is less than that at which it may enter 
from the gastrointestinal tract. Also it had been shown that the 
withdrawal mechanism could be stimulated to activity at an 
increased velocity.2, However, the maximum velocity at which 
this mechanism had been observed to function and still prevent 
loss of sugar through the kidneys was not quite equal to the gener- 
ally accepted value for the maximum possible rate of entrance of 
glucose into the blood from the gastrointestinal tract. 

This discrepancy is now completely clarified by the data which 
we have presented above. These show that the physiological 
rate at which glucose may enter the blood from the digestive tract 
of a dog which has just terminated a short fast, does not exceed 
the maximum speed initially attainable (7.e., within the first half 
hour) for the removal of this substance from the circulatory sys- 
tem and for its disposition in a normal manner. Thus this long 
recognized anomaly seems to have been based upon inadequate 
data and to have been really non-existent. 

Absorption Rates in Other Species—In connection with the dis- 
cussion contained in the preceding section it is of interest to point 
out that a similar close relation appears to exist between the 
velocity with which glucose may normally enter the blood of the 
rat and the speed initially available for withdrawing it and dis- 
posing of it in a physiological manner. The evidence for this has 
been supplied in the publications of Cori and Cori from which the 
values that follow have been drawn or computed. These authors 
have reported that rats which have been fasted 48 hours can in- 
troduce glucose into their blood stream at average rates of 1.78 
(4) and 1.87 (17) gm. per kilo per hour. When the rats were 


2 References to the reports of others who have observed indications of 
greater activity of the withdrawal mechanism after a stimulation are 
included in the paper by Jordan. 
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fasted just 24 hours the rates of entrance found averaged 2.66 (18) 
and 2.05 (19) gm. per kilo per hour. The initial rate at which 
amytalized rats (both fasting and non-fasting) were able to re- 
move injected glucose from the blood in a physiological manner 
was found to range between 2.2 and 2.5 (20) gm. per kilo per hour— 
values which are intermediate between the various rates of en- 
trance that have been recorded. 

For the human species some data have been recorded concerning 
the rate at which glucose can be withdrawn from the blood with- 
out loss to the organism. Wilder and Sansum (21) have shown 
that men who have fasted over a night cannot tolerate an intra- 
venous infusion of d-glucose at a rate greater than 0.85 gm. per 
kilo per hour without a gross glycosuria resulting. Regarding the 
rate at which glucose may enter the blood of man from the diges- 
tive tract, there is at present no information available that is at 
all comparable in accuracy with that which has been obtained 
from studies of the dog and the rat. 


SUMMARY 


In fifteen experiments covering periods of 1 to 3 hours upon 
male dogs ranging in weight from 11 to 20 kilos, the average rate 
of absorption of d-glucose from the gastrointestinal tract was 0.99 
+ 0.17 gm. per kilo per hour. In the 2 and 3 hour experiments 
the rates observed were in closer agreement and averaged 0.99 + 
0.05 gm. per kilo per hour. 

Variations in (a) the concentrations and (b) the absolute weight 
of glucose ingested, (c) the lengths of the absorption periods, (d) 
the weights of the animals used, and (e) the excitement occasioned 
by experimentation, have been considered in regard to their in- 
fluence upon the rates of absorption observed. No definite rela- 
tionship to any one of these factors has been detected. 

That the concentrations of sugar existing in venous blood during 
absorption may fail to reflect either the course or the completion 
of the process is shown by some of the observations presented. 

The absorption rate for glucose in dogs reported in this com- 
munication is less than two-thirds the value which has been cur- 
rently accepted for a number of years. Therefore it is believed 
that many conceptions evolved by use of the older and higher value 
must again be scrutinized with regard to the necessity for their 
revision. 
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The amount of work that has been published on the magnesium 
content of the blood fractions is not very extensive; that on the 
magnesium of the red cells is particularly scanty. It is commonly 
stated that in health the magnesium of the serum varies between 
2 and 3 mg. per 100 ml. Watchorn and McCance (1) hold that the 
widest limits of variation of normal serum magnesium for human 
blood is between 2.3 and 2.66 mg. This conclusion, however, was 
drawn from a relatively limited series of observations. Peters 
and Van Slyke (2) assert that magnesium is not particularly influ- 
enced by pathological conditions, although figures between 1.5 
and 4.0 mg., and some much higher, have been published for the 
serum magnesium. Watchorn (3) noted that the serum magne- 
sium content was usually increased in pathological conditions with- 
out characteristic changes for any particular disease. 

There are very few data on the magnesium content of the red 
corpuscles. Kramer and.Tisdall (4) state that about 2 to 4 mg. 
of magnesium are present: per 100 ml. of corpuscles, but do not 
give the figures on which their calculations are based. 

The only data we have found which give the details of the calcu- 
lation are those of Abderhalden (5). He carried out a series of 
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Aided by grants from the Christine Breon Fund and the National Re- 
search Council. 
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analyses on a number of animals, by classical macromethods, and 
. obtained figures from 9.0 mg. per 100 ml. of corpuscles for the pig 
to a value of about 1.0 mg. for beef and sheep. Abderhalden’s 
values for the magnesium in the different blood fractions, recalcu- 
lated from gm. of MgO in 1000 gm. of blood to mg. per 100 gm. of 
blood, are given in Table I. In the work to be detailed below 
there will be given data which indicate that the published esti- 
mates on the magnesium in the red cells of man and animals are 
too low. We cannot understand why the red cell content of mag- 


TABLE I 
Magnesium in Blood of Various Animals As Determined by Abderhalden 
The data are recalculated from gm. of MgO per 1000 gm. of blood to mg. 
of Mg per 100 gm. of blood. 


mg. mg. mg. 

2.45 2.00 0.95 
2.70 3.85 4.85 
ee 2.75 3.25 3.90 


nesium in the cow, steer, and sheep should be around 1.0 mg. per 
100 ml., and in the horse, rabbit, dog, and cat from 4 to 5 times 
this amount as indicated by Abderhalden’s data. In our analyses 
we have found the magnesium of dog and human blood to be 
about the same. 

Because of the dearth of data in the literature, an investigation 
was undertaken of the magnesium of the plasma and corpuscles 
in the blood of normal human subjects and of patients with various 
pathological conditions. The method of analysis of Greenberg 
and Mackey (6) was used. In this communication the results 
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obtained on healthy subjects will be detailed with a statistical 
analysis of the variation of the plasma, whole blood, and corpuscle 
magnesium. The use of the hydroxyquinoline method for mag- 
nesium offers an independent means of checking the amount of 
this element in the blood as all former analyses have been made by 
precipitating it as magnesium ammonium phosphate. 


EXPERIMENTAL 


Young healthy adults of both sexes were used in order to estab- 
lish the variation in the magnesium content of normal human 
blood. The age limits of the subjects fall between 19 and 36 
years, the greater number being between 20 and 25. No attempt 
was made to obtain fasting blood as we found, in agreement with 
Watchorn and McCance (1), that there was no noticeable differ- 
ence in the magnesium content of blood taken before or after 
meals. With most of the subjects, the blood samples were drawn 
after lunch at about 3 p.m. 

The analyses were carried out on filtrates from plasma, whole 
blood, and red cell suspensions, prepared either with trichloroacetic 
acid or by the Folin-Wu tungstic acid method. The calculation 
of the amount of magnesium in the plasma is derived directly from 
the titration figures. The calculation of the magnesium of the 
corpuscles, however, is in all cases dependent on the value of the 
fractional volume occupied by the cells, i.e. the hematocrit value 
of the blood. 

To determine the hematocrit value we employ the following 
procedure. The blood is aspirated into a 1 mm. bore capillary 
glass tube to a height of about 5cm. The ends of the tube are 
then sealed with pieces of gummed paper cut to the size of the 
outside diameter of the hematocrit tubes. A series of tubes is 
centrifuged for a period of 15 minutes at a velocity of about 3000 
R.P.M. in a special brass holder, constructed to fit into a 100 ml. 
centrifuge cup. By a series of tests it was found that constant 
and reproducible hematocrit values were obtained in this way, 
with variations that are rarely more than 0.5 per cent apart. The 
whole cellular volume, including the buffy coat, is ordinarily 
included in the hematocrit reading. 

In the analytical procedure, where the blood sample was suffi- 
ciently large, a filtrate was prepared on a portion of the whole 
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blood and another filtrate on a measured volume of plasma. The 
magnesium of the corpuscles is then calculated from the plasma, 
whole blood, and hematocrit values by the formula 


_ W.B.mg — P.atg (100—H.) 


H. a) 


R.C.mg 


where H. represents the hematocrit value expressed as per cent, 
and R. C.y,, W. B.yg, and P.y, are the magnesium in mg. per 100 
ml. of red corpuscles, whole blood, and plasma, respectively. 
When the blood samples were small, it was found necessary to 
use all the plasma obtainable for analysis and to carry out the 
determination for the magnesium in the red cells on washed cor- 
puscle suspensions. In such cases, the hematocrit reading was 
determined as usual, the volume of the blood was measured, and 
then centrifuged to separate the plasma. The red cells, after 
removal of the plasma, were washed twice with isotonic magnesium- 
free sodium chloride solution (0.85 gm. of NaCl per 100 ml. of 
solution), and then brought back to the original whole blood vol- 
ume by the addition of saline solution. Measured samples of the 
red cell suspension were then analyzed. The method was the same 
as that used for whole blood. The magnesium content of the 
red corpuscles is then calculated from the analysis by the relation 


R.C.Mg = R.C.S.og/H. (2) 


where R. C. S.y, represents the magnesium content in mg. per 100 
ml. of red cell suspension. 

We have compared the values obtained from the red cell sus- 
pensions with values from whole blood many times, and have in- 
variably found good agreement between the two procedures. 

A few such comparisons are given in Table II. The agreement 
between the two procedures is gratifying and indicates that the 
red cell is impermeable to magnesium ion. This is in harmony 
with the view, to be developed below, that the magnesium of the 
plasma and that of the red corpuscles are independent of each 
other. 

The data obtained on normal subjects for the variation of the 
magnesium in plasma, red corpuscles, and whole blood are given 
in the curves of Fig. 1. The latter figures are histograms of the 
data upon which have been superimposed the calculated frequency 
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curves based on the assumption that the distribution is symmetri- 
eal, according to the statistical equation 


y = (N/oV 2x) — 


TABLE II 
Comparison of Magnesium Values Obtained from Analyses of Whole Blood 
and of Washed Red Corpuscle Suspensions 


(3) 


3 
| 
45.2 2.64 4.40 2.95 2.96 
50.0 2.22 5.03 3.98 3.92 
_ 43.8 3.55 4.80 2.72 2.80 
48.9 2.93 4.60 3.20 3.13 
46.0 3.85 5.85 3.85 3.79 
49.4 3.17 5.38 3.75 3.78 
i Giitceiiciaus 43.1 2.10 4.00 2.70 2.80 
IRE 32.0 2.05 3.35 2.00 1.95 
* The red corpuscle suspension was made up to the same volume as the 
original blood. 
TABLE III 
Statistical Constants for Magnesium in Blood 
Plasma Mg = Red wo, 
58 52 58 
Extreme variation, mg. per 100 ml.| 2.0-3.6 3.4-5.4 5.4-7.8 
Arithmetical mean, mg. per ,100- 
Standard deviation, mg. per 100 
Probable error, mg. per 100 ml..... 0.20 0.25 0.36 
Coefficient of variation, per cent... 11.0 8.4 8.0 


Correlation coefficient of magnesium between plasma and corpuscles = 


0.02. 


where y is the frequency, N the number of subjects, o the standard 


deviation, and x the deviation from the mean. A summary of 
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the statistical constants for the magnesium in the three blood 
fractions, including the number of cases, the extreme spread of the 
results for each fraction, the arithmetical mean, the standard 
deviation, the probable error, and the coefficient of variation is 
given in Table III. The number of subjects used in this study is 
sufficiently large (7) to make the statistical variations of the 
magnesium in the blood fractions significant. 


Plasma Whole Blood Red Corpuscles 


Fie. 1. The variation in the magnesium content of the plasma, whole 
blood, and the red corpuscles of healthy young adults. The ordinate 
represents the frequency of the number of cases and the abscissa the mag- 
nesium levels. 


S$ » 6 
mg. Magnesium per 100 ml. 


DISCUSSION 


Plasma—From the curves in Fig. 1 for the variation of the 
plasma magnesium on 58 healthy subjects, it is seen that over 90 
per cent of the figures fall between the values of 2.2 to 3.2 mg. per 
100 ml. of plasma, which is in good agreement with the common 
assertion that the serum magnesium varies normally between 2 
and 3 mg. The average for our figures is 2.74 with a stand- 
ard deviation of 0.30 mg. of magnesium. From this it follows 
that around 70 per cent of the values fall between 2.45 and 3.05 
mg. The variation found here is considerably greater than is 
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claimed to be the case by Watchorn and McCance (1) and the 
average of our values is higher than their maximum of 2.66 mg. 
The data for the serum magnesium of the various animals pub- 
lished by Abderhalden fall well within the range of our results. 
The results obtained for plasma magnesium by the hydroxyquino- 
line method (6) then, is in good agreement with the data for serum 
magnesium obtained by the magnesium ammonium phosphate 
method. 

Whole Blood—On the other hand, on whole blood our results 


’ are not in agreement with the usual results obtained by the mag- 


nesium ammonium phosphate method. The frequency distribu- 
tion curves for magnesium on whole blood on a series of 52 sub- 
jects are given in Fig. 1. The arithmetical mean of our whole 
blood figures is 4.55 with a standard deviation of 0.38 mg., which 
indicates that the greater number of the values are over 4.0 mg. per 
100 ml. of blood. Seldom have figures as high as 4.0 mg. been 
reported with the magnesium ammonium phosphate method. In 
Table I it is seen that Abderhalden reports only two results of this 
magnitude and a few of the same order have been published by 
Kramer and Tisdall (4). Most of the figures reported for human 
subjects are under 4.0 mg. with some values of even less than 2.0 
mg., 7.e. by Underhill and Dimick (8). It is interesting to note 
that Gross and Underhill (9) report whole blood magnesium values 
of 5 to 6 mg. for the dog. It has already been mentioned that we 
have found the magnesium content of dog and human blood to be 
about the same. The disagreement in the whole blood figures is 
the more remarkable in that the most widely used microprocedures, 
those of Denis (10) and Kramer and Tisdall (11), also make use of 
trichloroacetic acid filtrates of blood. We thought that coagula- 
tion of the proteins without actual hemolysis of the cells might be 
the cause of the discrepancy, as we had encountered this difficulty 
in the course of the development of the method of analysis. This 
may possibly be the case with Denis’ method where the blood is 
thrown into the acid without first hemolyzing the cells, but it can 
hardly be so with Kramer and Tisdall’s method of preparing fil- 
trates in which the blood is first hemolyzed. 

Being at a loss to account for these differences, we decided to 
study a series of trichloroacetic acid filtrates of whole blood and 
red corpuscle suspensions by both the hydroxyquinoline and mag- 
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nesium ammonium phosphate methods in order to see whether the 
two methods gave essentially different results in ourhands. The 
analysis with hydroxyquinoline in this series was carried out in 
the usual manner. The determination by precipitation as mag- 
nesium ammonium phosphate was carried out by the following 
modification of Denis’ (10) method. To 10 ml. of a calcium-free 
trichloroacetic acid filtrate of blood or cell suspension (representing 
an aliquot of 2 ml. of blood) there were added 1 ml. of 5 per cent 


TABLE IV 
Comparison of Determination of Magnesium in Whole Blood and Red Blood 
Corpuscles by the 8-Hydroxyquinoline and the Magnesium 


Ammonium Phosphate Methods 
Mg per 109 ml. blood 
Subject Sample Hematocrit ae 
Hydroxy- 
quinoline 
per cent mg. mg. 
Red cell suspension 52.5 5.1 5.0 
“ 47.4 8.0 7.6 
Whole blood 47.4 5.2 5.1 
Eble a Red cell suspension 42.6 7.2 7.5 
ey Whole blood 5.5 5.7 
eee ee Red cell suspension 49.1 6.2 6.5 


* Blood samples from the same subject drawn about 2 weeks apart. 
t Analysis carried out on filtrate from packed suspension. 


ammonium phosphate and enough ammonia to bring the pH to 
slightly over 7.0. The precipitate was allowed to stand 48 hours, 
then it was filtered, washed, and dissolved with sulfuric acid. 
The phosphorus in the magnesium ammonium phosphate was 
determined by Fiske and Subbarow’s colorimetric method (12). 
The comparison of the results obtained is given in Table IV, 
and it is to be seen that the two methods gave essentially similar 
results with figures that corroborate the higher values that we 
have consistently obtained. 
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Red Corpuscle Magnesium'—Very few estimates of the red blood 
corpuscle magnesium have been published. Abderhalden’s figures, 
given in Table I, have already been mentioned. Kramer and 
Tisdall state that there are between 2 and 4 mg. of magnesium per 
100 ml. of corpuscles in human blood. Our data indicate that 
the magnesium in the red blood corpuscles is higher and this 
naturally follows from the higher whole blood magnesium values 
obtained. Asis shown in Table III, the analyses give an arith- 
metical mean of 6.61 mg. per 100 ml. of corpuscles with a standard 
deviation of 0.53 mg. The distribution curve of the values cal- 
culated for red corpuscle magnesium on 58 normal subjects is also 
given in Fig. 1. These data show that the amount of magnesium 
in the red cells is not of the insignificant magnitude that has up to 
now been assumed. Considered on the basis of its equivalent 
weight, there are around 5.5 milli-equivalents of this cation in the 
corpuscles per liter. This is significant, for example, when com- 
pared with the amount of bicarbonate present in the corpuscles 
which is estimated in Peters and Van Slyke (2) to be about 20 
milli-equivalents per liter. That the magnesium plays some special 
physiological réle in the corpuscles, where it is present as the sole 
representative of the alkaline earth cations, seems highly probable, 
but the nature of this function is as yet unknown. Our data show 
that there is considerably more magnesium in the red corpuscles 
than in the plasma. 

Since it is generally accepted that the corpuscles are impermeable 
to cations, it logically follows that the cell membrane is also im- 
permeable to magnesium. Up to the present time, no direct 
evidence has been offered to show that this is the case. In the 
course of the present work several points have come up which 
favor the view that the red cells are impermeable to magnesium 
and that the magnesium contents of the plasma and the red cells 
are independent of each other. One of these experimental points 
has already been mentioned; namely, that there is no loss of mag- 
nesium from the corpuscles when they are washed with isotonic, 
magnesium-free salt solution. The other is that the levels of the 
magnesium in plasma and corpuscles show no relation to each other. 
A high or a low plasma magnesium content is not reflected in the 


1 The values for red corpuscle magnesium include the amount of this 
element that may be present in the materials of the buffy coat. 
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value of the corpuscle magnesium. The latter is borne out by the 
correlation coefficient obtained for the distribution of the mag- 
nesium between the plasma and the red cells. The correlation 
coefficient for these magnesium distributions on the 58 normal 
subjects is found to be only 0.02. This evidence favors the view 
that the magnesium content of the corpuscles and that of the 
plasma are independent of each other. 


SUMMARY 


1. The distribution of the magnesium content of plasma, whole 
blood, and red blood corpuscles of healthy young adults was 
studied by the 8-hydroxyquinoline method. 

2. The following values were obtained: plasma magnesium, 
2.74 + 0.30 mg. per 100 ml.; whole blood magnesium, 4.55 + 0.38 
mg. per 100 ml.; red blood corpuscle magnesium, 6.61 + 0.53 mg. 
per 100ml. The plasma magnesium values agree with those given 
in the literature, but the whole blood and red corpuscle values are 
considerably higher. 

3. The data obtained indicate that there is considerably more 
magnesium in the red corpuscles than is found in the plasma. 
Evidence is given for the view that the magnesium content of the 
plasma and that of the red corpuscles are independent of each 
other. 
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THEORY OF THE REVERSIBLE TWO-STEP OXIDATION 


By B. ELEMA 


(From the Laboratory of Microbiology of the Technical University, Delft, 
Holland) 


(Received for publication, October 1, 1932) 


In his discussion of the theory of the reversible two-step oxida- 
tion Michaelis (1), in mentioning my paper on this subject, states 
that my results and formule are not identical with those repre- 
sented in his own paper. I should like to point out, however, that 
our results are essentially identical, as may be inferred from the 
following. 

The formula for the electrode equation as given by me (2) is 

RT 


E, = op (1) 


where 


KT, — KT, — 8T, + (KT, — KT, — 8T,)? + 16(K — 4)T; 


Zu 
KT. — KT, —8T, + V (KT, — KT, — 8T.)? + 16(K —4)T? 


and 7, = total concentration of the several species of oxidant 
= “ “ “ “ “ reductant 
K = equilibrium constant relating to the equilibrium between radical, 
oxidant, and reductant 


In this formula K is identical with what has been called by 
Michaelis “the effective formation constant of the semiquinone.” 


s/rt= K (3) 
where 
s = concentration of the semiquinoid form 
r= reduced form 
t = “ “ “ quinoid “c 


K is dependent only on hydrogen ion concentration 
149 


1e 

Z- 

n 

al 

Ww 

e 

ny 

8 

n 

re 

re 

h 


150 Reversible Two-Step Oxidation 


concentration of reduced form 


Moreover, since Z = we have also 


concentration of quinoid form 
in the Michaelis notation 


Z=r/t (3,a) 


In my calculation I have not taken the end-point of oxidation or 


reduction at 200 per cent, as was done by Michaelis ((1) p. 704), 


but at 100 per cent. 
At any point of the titration we have therefore 


T, =4s+r (4) 
T.=4s+t (5) 


If Equations 3, 4, and 5 are solved for t, the result is 


KT. — KT, — 8T, KT, 47, 
2(K — 4) 2(K — 4) K-4 


(6) 


t= 


r yielding a similar equation where, however, T, and 7, have 
changed place. 

If we now take into account that the symbol a, used by Michaelis, 
is identical with (JT, + 7), and z, the amount of oxidant added, 
with 27, it can be shown easily that Equation 6 of this paper and 
Equation 6 in the paper by Michaelis ((1) p. 705) are identical. 

The same is true for the formula given for r; so the supposed 
difference between my results and those of Michaelis does not exist. 
Also, in the equations given here for r and ¢ we have to take the 
positive root sign in case K > 4, and the negative sign when K < 4. 
In Equation 2, on the contrary, in all cases only the positive 
sign before the root signs is significant, as was already mentioned 
in a rectification (3) published immediately after my first paper on 
this subject. This is due to the fact that in Equation 2 both 
numerator and denominator in the fraction r/é have been multi- 
plied by 2(K — 4). 

As is also stated by Michaelis, the general solution given by 
him of the problem cannot be directly applied to the particular 
case when K = 4. The same applies for the formule given by me. 

It is possible, however, to give a general equation which also 
holds good for the case when K = 4. My attention was drawn 
to this solution about a year and a half ago by Professor J. C. 
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Kluyver of Leiden, who was so kind as to give me his valuable 
advice. 

If in Equations 4 and 5 s is substituted from Equation 3, the 
following equation may be derived. 


z(1 — a) + $2(1 — 2a) VK —a=0 (7) 


where a is the degree of reduction and z = + +/r/t. 
Combining Equations 1, 3,a, and 7, we find the equation for 
the electrode potential 


= “ine = 
= In — 
F 2a) VK + VK(1 — 2a) + 16a(1 — a) 
This equation presents many advantages, since it allows the 
derivation of a simple relation between the slope of the tangent at 


some point of the titration curve, and the effective formation con- 
stant K of the semiquinone. 


(8) 


dE, _ VK + VK(1 — + I6a(1 — @) 
da F 2a(1 — a) W K(1 — 2a)* + 16a(1 — a) 


This relation, which can only be derived with the greatest diffi- 
culty when one starts with Equations 1 and 2, is helpful in obtain- 
ing at once a clear insight into the character of the titration curves. 
So, it may be easily inferred that at a = 0 and a = 1 the tangent 
runs parallel to the £, axis. Moreover, since for any two values 
of a, the sum of which is unity, the product of the corresponding 
values of x is also unity, we have the identity E, “ + E,“-® = 
2E’o; 7.e., a point of inflection occurs when a = 0.5. At this point 
the slope of the tangent is 


(9) 


This equation provides the means to calculate K from the experi- 
mentally obtained titration curves. This is best attained (4) 
by deriving the equation of the tangent from Equation 10. 


At 30°, E, = BE’, + 0.01305 (2 + ~/K) — 0.0261 (2 + WK)a 
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The end-point of this tangent at a = 0 (100 per cent oxidation) 
will thus be at a point 0.01305 (2 + +/K) volt more positive than 
the mid-point at a = 0.5, which difference, in the case of lower 
values of K, may be determined rather accurately from the titra- 
tion curves. More especially for values of K, between 0 and 100, 
this may mean some progress as compared with the procedure 
adopted in this region by Michaelis. This procedure required a 
laborious calculation of the so called index potential FE; for many 
special values of K in order to construct the final graph from which 
K may be obtained by interpolation. Moreover, a simple equa- 
tion for this index potential FE; may be derived from Equation 8. 
Since E; = E, — we have 


At 30°, EB; = 0.0601 log 4(0/K + WK + 12) (11) 


The values of £; which can be calculated from this equation for 
any value of K may now be compared with those obtained by 
graphical interpolation as given by Michaelis. So far as I have 
carried out this calculation, the agreement was very good. 

It is perhaps worth while to show that Equation 8 for special 
values of K develops into simpler equations, which for some cases, 
at least, could be foreseen. It is evident that curves of a special 
nature are obtained in those cases in which the values of K are 
0, 4, and 

RT 


In the first case Equation 8 develops into E, = E’) — F 


In y/ — ; i.e., the equation for a reversible oxidation involving 
two electrons in one step. 
When K = 4 we have = EB’) — In suggesting that 


a reversible oxidation, involving only one electron, takes place.' 

As mentioned before, we see here that Equation 8 can also be 
applied in the case K = 4. 

For K = ©, t.e. when oxidant and reductant, from which we 
have derived our electrode equation, cannot be present at the 
same time, £,, of course, becomes + ©. 

Nevertheless, it is possible to derive from Equation 8 two sim- 


1 This conclusion appears to be of some interest since this case was ac- 
tually met with in the study of the reduction of pyocyanine at pH +3.7. 
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plified equations for high values of K, showing that under this 
condition the titration curve consists of two parts, each of which 
is identical with a reversible reduction involving one electron. 
The first equation applies in the case when a < 0.5. 

RY. 1 RT 2a 


In the special case of a = 0.25 we have E,*"°) = E’, — 
—~ In or by introducing Michaelis’ notation E, for E, 


RT 2a 


(12) 


i.e., the equation of a reversible one-step oxidation involving one 
electron, where 2a is the degree of reduction. 

In the same way, and by introducing again Michaelis’ notation E; 
for E,“"°™, we obtain the following equation in the case in 
which a > 0.5 

RT 2a — 1 


(13) 
where (2a — 1) is the degree of reduction. 

Whereas in the case of K = 0 only one point of inflection in the 
curve occurs, it is obvious that the latter results imply that for 
extremely high values of K two more points of inflection are pres- 
ent; viz., ata = 0.25 anda = 0.75. By deriving from Equation 
9 @E,/da*, this may be readily confirmed; moreover, this opera- 
tion shows that only when K > 4 are three points of inflection 
possible. 
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STUDIES ON BIOLOGICAL OXIDATIONS 


Il. THE OXIDATION OF LACTIC ACID BY a-HYDROXYOXIDASE, 
AND ITS MECHANISM* 


By E.S. GUZMAN BARRON anp A. BAIRD HASTINGS 


(From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago) 


(Received for publication, December 13, 1932) 


INTRODUCTION 


During the last few years considerable progress has been made 
toward the understanding of the mechanism of cellular oxidations. 
Quite recently evidence has been accumulated, from the work of 
Cook, Haldane, and Mapson (1) on the oxidation of lactic, suc- 
cinic, and formic acids by toluene-treated Bacillus coli and from 
the work of Warburg and Christian (2) on the oxidation of Robi- 
son’s hexosemonophosphate by red blood cells that have under- 
gone cytolysis, which suggests that the two leading theories, 
Wieland’s theory of the activation of hydrogen (3) and Warburg’s 
theory of iron catalysis (4), instead of being opposed to each other 
could be coordinated. 

It is essential to study first such chemically intelligible reactions 
as can be observed accurately in order to advance to more complex 
reactions. For that reason we have focused our attention on a 
study of the oxidation of lactic acid by the a-hydroxyoxidase of 
gonococci. A suspension of washed gonococci kept in the ice box 
loses the power to oxidize glucose and pyruvic acid and retains the 
power to oxidize lactic acid, or, more accurately, a-hydroxy acids, 
into their corresponding a-ketonic acids. We were thus in posses- 
sion of a bacterial suspension containing, as far as our tests demon- 


* A preliminary abstract of this paper was presented before the American 
Society of Biological Chemists at Philadelphia, April 28, 1932. 
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strate, a single oxidizing enzyme, the a-hydroxyoxidase.! Many 
attempts have been made in the past toward the isolation of this 
enzyme, all of which have been only partly successful. Stephenson 
(5) obtained by autolysis of Bacillus coli in phosphate buffer a 
clear fluid which oxidized lactic and a-hydroxybutyric acids in 
the presence of methylene blue. Bernheim (6) prepared a solution 
from yeast, having the same properties. Both of these ‘“dehydro- 
genases” were unable to oxidize lactic acid in the absence of 
methylene blue. Evidently, in these cases the treatment to which 
the cells were subjected had altered profoundly the lactic acid- 
oxidizing enzyme. 

With these bacterial suspensions at hand we have studied the 
mechanism of lactic acid oxidation and, as will be seen, we have 
been able to demonstrate that it is performed by the cooperation 
of two factors: one, the activating coenzyme, which renders the 
lactic acid unstable and ready to be oxidized, and the other, the 
oxidizing enzyme, which performs the immediate oxidation. The 
first enzyme corresponds to Wieland’s dehydrase or Thunberg’s 
(7) dehydrogenase, considered by them the enzyme responsible 
for biological oxidations, and the second corresponds to Warburg’s 
Aimungsferment (8) and to Keilin’s “indophenol oxidase” (9). 
We will show also in this paper how these two apparently opposing 
theories which have been discussed during the last 15 years can be 
coordinated, and how the mechanism of lactic acid oxidation can 
be described in terms of electronic transfer. 


Methods of Preparation of a-Hydroxyoxidase 

1. A suspension of gonococci in 0.9 per cent NaCl kept in the 
ice box at 3° lost the power to oxidize glucose and pyruvic acid 
and retained the power to oxidize lactic acid (Table I). Experi- 
ments with other a-hydroxy acids gave similar results. The 
activity of the enzyme slowly decreased with time.. Thus, as the 
a-hydroxy acids were oxidized at rates which followed the order, 
lactic > a-hydroxybutyric > glyceric > mandelic > glycolic > 


1 The term a-hydroxyoxidase has not here the meaning given to oxidases 
in classical enzyme chemistry. Its use in this paper is confined to the 
specific enzyme complex capable of carrying out the oxidation of a-hydroxy 
acids. It is made up of two equally important factors possessing different 
properties, the activating coenzyme and the oxidizing enzyme. 


oOo 


a 
t 
a 
a 
0 


E. 8. G. Barron and A. B. Hastings 157 


malic, it was possible to have a bacterial suspension which oxidized 
lactic acid, a-hydroxybutyric acid, and glyceric acid, but did not 
oxidize at a measurable rate mandelic, glycolic, and malic acids 
(Fig. 1). In bacterial suspensions kept in the ice box cytolysis 
proceeded slowly without destruction of the enzyme, which 
remained active as long as 6 months. In such preparations the 
enzyme had its maximum activity. 

2. The enzyme can be obtained by suspending the gonococci in 
sterile distilled water and making the solution alkaline with the 
addition of 0.04 n NaOH until the pH is approximately 8.0. By 


TABLE I 
Oxidation of Lactate by Gonococci Suspensions Kept in Ice Box 
pH 7.38; amount of substrates 0.03 mm; temperature 37°. 


Time O: consumption® of lactate 
min. c.mm, 

10 16.9 

20 29.9 

30 41.9 

51 68.8 

61 81.3 

75 96.6 

90 113.6 

136 157.6 


* Similar readings taken for glucose and pyruvate gave negative results 
throughout. 


the end of 2 days in the ice box, the bacteria undergo complete 
cytolysis and after centrifugation there is left a colloidal suspension 
able to oxidize lactic acid in the presence of molecular oxygen 
although at a slow rate. 

3. When gonococci suspensions were centrifuged, dried in a 
vacuum, and ground in an agate mortar, a powder was obtained 
which, when suspended in a buffered solution, still had the property 
of oxidizing lactic acid in the presence of molecular oxygen. The 
oxidation was greatly increased by the addition of a reversible 
oxidation-reduction dye (Fig. 2). 

In the experiments here reported, the a-hydroxyoxidase was 
obtained almost exclusively by the first method. The determina- 
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tions of the oxygen consumption were performed at 37° by the 

use of Warburg vessels with Barcroft micromanometers as indi- 
cated in Paper I of this series (10). 

Determination of Pyruvic Acid and Rate of Oxidation of Lactic 
Acid 

The oxidation of lactic acid by a-hydroxyoxidase gave pyruvic 

acid as the end-product. This was demonstrated not only by the 
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Fie. 1. Oxidation of a-hydroxy acids by gonococci. Suspension kept 
in ice box; pH 7.2; T, 37°. © indicates oxidation of lactic acid; A, of a- 
hydroxybutyric acid; ©, of glyceric acid; a, mandelic, malic, and glycolic 
acids. 

Fria. 2. Oxidation of lactate by gonococci dried in a vacuum and ground. 
Suspended in phosphate buffer; pH 7.38; T, 37°. indicates oxidation of 
lactate by the bacterial suspension; ©, the effect of cresyl blue. 


amount of oxygen consumed, but also by the determination of 
the pyruvic acid thus formed. The amount of oxygen consumed 
by the oxidation of 0.01 mm of lithium lactate was 125 c.mm. at 
37° (Fig. 3). This agrees with the amount calculated according 
to the following equation. 


CH,;CHOHCOOH + CH;COCOOH + H:0 


The pyruvic acid was determined by taking advantage of the 
property of dried yeast juice to decarboxylate pyruvic acid by 
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) means of the decarboxylase discovered by Neuberg and Hilde- 
scheimer (11). 


CH,COCOOH = CH;COH + CO, 


This method was first employed by Warburg and his colleagues 
(12). Once the oxidation of lithium lactate by a-hydroxyoxidase : 
: was completed, enough HCl was added to the suspension contained | 
7 in the Warburg vessels to bring the pH to 5.2. A suspension of 7 
yeast prepared according to Lebedew (13) was put in the sidearm 4 
of the Warburg vessels. The vessels were then put into the water : 


in 


co 
T 


Oz consumption 


1 n 


20 40 
Time in minutes 
Fig. 3. Oxidation of lactate by a-hydroxyoxidase of gonococci. Amount 
of lithium lactate, 0.01 mm; pH 7.2; 7, 37°. Oxygen consumption required 
for the reaction CH;CHOHCOOH + 40, CH;COCOOH + H;0 = 127 
¢.mm. Found, 125¢.mm. 


bath at 22°, and after temperature equilibrium was reached the 
stop-cocks of the manometers were closed, the yeast suspension 
was poured into the main vessel containing the acidified suspension, 
and the CO, produced was measured manometrically. The | 
average CO, production in six experiments was 228 c.mm., while 
the calculated amount was 240 c.mm. (Table II). 

The results of calculating the constant for the velocity of the 
oxidation of lactic acid from our data are given in Table III. We 
are well aware of the fact that a study of the kinetics of lactic 
acid oxidation by a-hydroxyoxidase is surrounded by many 
complicating factors. The moment at which the reaction begins 
is not well defined, because the uniform mixing of the substances 
taking part in the reaction occupies a certain amount of time. . 
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TABLE II 
Oxidation of Lactic Acid to Pyruvie Acid by Gonococci Kept in Ice Box 
pH 7.38; temperature 37°; 0.01 mm of lithium lactate in each vessel. 


Experiment No. Total CO: production 


The pyruvic acid formed was determined manometrically with the Bar- 
croft-Warburg manometers by decarboxylation with Lebedew’s dried yeast. 
Bacterial suspension in main vessel; pH brought to 5.20 by the addition of 
HCl. Lebedew’s dried yeast, 10 mg., suspended in 0.3 cc. of primary 
phosphate in side arm of Warburg vessel. TJ = 22°. 


TABLE III 
Rate of Oxidation of Lactate by Gonococci Kept in Ice Box 
pH 7.38; temperature 37°; amount of lactate as lithium lactate 0.01 mm. 


1 a 

Time Oxidation 
min. per cent 

5 37.8 4.11 

8 51.5 3.87 
ll 61.9 3.77 
14 69.2 3.65 
17 74.4 3.54 
20 79.2 3.40 
23 81.5 3.19 
27 86.8 3.25 
30 88.4 3.11 
33 91.4 3.53 
38 94.8 3.37 
43 96.9 3.50 


* a denotes initial amount of lactate (0.01 mm) taken as 100; z denotes 
per cent of lactate oxidized; ¢ denotes time in minutes. 
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1 225.4 
2 230.0 
3 226.4 : 
4 224.3 | 
5 235.6 
6 229.0 
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Furthermore, we are not dealing here with a homogeneous solution 
but with a heterogeneous system. In spite of this, the constants 
show a reasonable degree of constancy when the equation for 
reactions of the first order is applied. We may add that the 
oxidation of many reversible oxidation-reduction systems (the 
oxidation of hemoglobin to methemoglobin reported by Neill and 
Hastings (14), and Brooks (15), the oxidation of several reduced 
dyes reported by Barron (16)) have also been expressed by the 
same equation. 


Temperature Coefficient and Critical Increment of Oxidation of 
Lactic Acid by a-Hydroxyoxridase 

The velocities of chemical reactions normally increase rapidly 
with rise of temperature. Arrhenius (17) explained the law of 
variation of reaction velocity with temperature in terms of active 
molecules. In his original theory active and inactive molecules 
were regarded as different chemical species in tautomeric equilib- 
rium. In recent years the concept of activated molecules has 
received further development through the application of the 
quantum theory, which now identifies these tautomeric activated 
states with higher quantum states of the molecule. It seems 
reasonable to assume with Tolman (18) that the process of activa- 
tion consists in increasing the energy of vibration of atoms within 
the molecule. This would correspond to the chemist’s idea of 
“loosening a chemical bond” and would undoubtedly set the 
atoms free to enter into a new chemical combination. 

In the oxidation of a-hydroxy acids by a-hydroxyoxidase it 
seems to be the function of the activating coenzyme to change the 
molecules of the reactant into the activated state. 

The temperature coefficient, Qi, of the oxidation of lactic acid 
by a-hydroxyoxidase has been determined by measuring the 
oxygen consumption between the temperatures of 25-35°. Four 
series of experiments were performed with four vessels in each 
series. As the velocity of oxidation of lactic acid by the enzyme 
is proportional to the concentration of lactic acid up to a certain 
limit, preliminary experiments were made to determine the con- 
centration of lactic acid beyond which there was no increase in the 
rate of oxidation. It was found that the maximum velocity was 
reached with 27 mm of lithium lactate per liter. In two series of 
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experiments we used 29.62 mm of lactate per liter, and in the other 
two 37 mm. Readings of the manometers were made at short 
intervals for a period of 30 minutes. The temperature coefficients 
in the four series of experiments varied from 2.20 to 2.29, the aver- 
age being 2.23 (Table IV). 

Arrhenius advanced the following equation to express the effect 
of temperature, 7', on the reaction velocity constant, k. 


d log k/dT = E/RT* 


in which E, the critical increment or energy of activation, is the 
difference between the energy of an activated molecule and the 
average thermal energy of the molecules. The quasi-thermo- 


TABLE IV 
Temperature Coefficient (Qio) and Critical Increment (E) for Oxidation of 
Lactic Acid by a-Hydroxyoxidase 


No. of series of E . | Lactate 
| sen | | | 


calories mM per |. 


1 2.22 0.001134 0.00254 14,650 29.62 
2 2.23 0.0008346 | 0.001892 14,876 37.00 
3 2.20 0.000871 0.00193 14,450 37.00 
4 ‘ 2.29 0.001028 0.002458 15,834 29.62 
Average... 2.23 14,952 


dynamic derivation of the above equation is only partially satis- 
factory. Nevertheless, the more recent treatments of W. C. McC. 
Lewis, Perrin, and Tolman lead to an equation of the same form. 
Integrating this equation between the limits 7’; and 7 we obtain 
for the critical increment Z, in calories, 

RT,T; X 2.302 log ke/k: 


in which k, and k; are the specific reaction rates at the temperatures 
T, and 7; respectively, and R is the gas constant, 1.98 calories per 
degree. Using this equation, we calculated the critical increment 
or energy of activation for the oxidation of lactic acid by 
a-hydroxyoxidase and found it to be 14,952 calories per gm. 
molecule (average of four series of experiments) (Table IV). 
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Both the Qj. and E of lactic acid oxidation by the enzyme used 
in this work are higher than the figures reported by Dann (19) for 
the oxidation of citric acid by citric “dehydrogenase.” In his 
experiments Dann observed the time for complete reduction of 
methylene blue in Thunberg tubes. 


Two Components of a-Hydroxyoxidase 

In this section we shall attempt to demonstrate that a-hydroxy- 
oxidase is composed of two enzymes having definite properties 
which permit their identification: the activating coenzyme, which 
changes the inactive lactic acid molecule into one which has 
become active; and the oxidizing enzyme, which oxidizes the active 
molecule into pyruvic acid by being itself reversibly reduced. 
The separation of these two enzymes has been performed by taking 
advantage mainly of the higher resistance to heat of the activating 
coenzyme. 

When a suspension of gonococci containing a-hydroxyoxidase 
was subjected to the effect of increased temperature, the rate of 
oxidation of lactic acid fell gradually. After 2 hours at 45° the 
oxidation produced by the enzyme suspension was 7 per cent less 
than the unheated control. An exposure for the same length of 
time at 48° produced 35 per cent inhibition; an exposure to 52°, 
complete inhibition (Table V). The enzyme responsible for the 
oxidation of lactic acid in the presence of molecular oxygen was 
therefore destroyed at 52°. 

When to such a suspension we added a reversible oxidation- 
reduction dye with an E’, within the limits of the reversible dyes 
which had previously been shown to act as catalysts for cellular 
oxygen consumption (20), the oxidation of lactic acid proceeded. 
In a paper concerning the mechanism of dye catalysis one of us (21) 
stated that the dye acts as a catalyst only in the presence of an 
oxidizable substrate which has previously been activated. We 
have in this experiment another instance of such a reaction. 
Heating at 52° destroyed the oxidizing enzyme, but the enzyme 
concerned with the activation of lactic acid was still present. The 
replacement of the destroyed enzyme by the dye catalyst restored 
the oxygen consumption. Increasing the temperature, we ob- 
served a gradual destruction of the activating coenzyme as 
measured by a fall in the rate of oxygen consumption in the pres- 
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ence of the dye when compared with the unheated control until 
its total destruction was produced by submitting the bacterial 
suspension to a temperature of 70° for 2 hours. The additionof 
a dye to such a suspension had no effect and, as a consequence, 
there was no oxidation of lactic acid. To summarize, the oxidiz- 
ing enzyme was totally destroyed at 52°, while the activating 
coenzyme was more resistant to the effect of heat, being destroyed 
at 70°. 

Although it has not been possible to separate the oxidizing 
enzyme from the cellular debris, the activating coenzyme was 
obtained in water-clear solutions. The activity of the latter is, 


TABLE V 
Effect of Temperature on Oxidation of Lactate by Gonococci Suspensions Kept 
in Ice Box, pH 7.38 


O: consumption per 40 min. 

Control Heated 
c.mm, c.mm,. c.mm, 
45 * 319.8 297.7 

48 116.0 75.0 

52 137.8 0.0 97.6 
55 173.6 0.0 104.5 
60 173.0 0.0 98.0 
65 111.0 0.0 48.5 
70 113.5 0.0 0.0 


however, considerably diminished by such treatment. 0.5 gm. 
of powdered gonococci was suspended in 50 cc. of pyrophosphate 
(66 mm per liter, pH 7.6) and kept in the ice box for 24 days. 
The suspension was then shaken for 6 hours and centrifuged. 
The clear supernatant fluid and the bottom containing the bac- 
terial debris were tested for their power to oxidize lactic acid in 
the presence of atmospheric oxygen. The suspension containing 
the cellular debris was able to oxidize lactic acid in the presence of 
atmospheric oxygen, although at a very low rate, while the super- 
natant fluid was unable to oxidize it at all. The oxidation of the 
lactate proceeded, however, when cresyl blue was added to the 
supernatant fluid. Cresyl blue added to the cellular debris 
increased the rate of oxidation considerably. The supernatant 
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fluid was then filtered through a Berkefeld filter, and was tested 
for its ability to oxidize lactate in the presence of cresyl blue. 
Although there was a considerable diminution in the activity of 
the activating coenzyme, it was still present in the Berkefeld filtrate 
(Table VI). 
Properties of Activating Coenzyme and of Oxidizing Enzyme 
Since the extremely small amounts of enzyme present in the 


bacterial suspensions do not permit the use of analytical chemical 
methods to determine their nature, some information may be 


TABLE VI 
Oxidation of Lactate by Gonococci Dried in Vacuum and Powdered 
Suspended in 66 mm pyrophosphate, pH 7.68, and kept in ice box for 24 
days. After centrifugation, the bacterial debris and the supernatant fluid 
were tested for the presence of a-hydroxyoxidase. 


O: consumption per hr. 
Without cresyl | With cresyl 
blue blue 
c.mm. c.mm. 
Bacterial debris, 0.5 cc., suspended in pyro- 

Supernatant fluid filtered through Berkefeld 

0 29.3 


obtained indirectly by utilizing a technique which was introduced 
by Warburg in his studies of cell oxidation. This is the inhibitor 
technique. This technique was supplemented by the use of arti- 
ficial catalysts, introduced in 1928 by Harrop and Barron (22). 
In order to compare the effect of inhibiting substances and 
catalysts on the two components of a-hydroxyoxidase, we divided 
the bacterial suspension into two portions, one of which was kept 
in a water bath of 55° for 2 hours to destroy the oxidizing enzyme; 
the other unheated. This method has permitted a parallel study 
of the system, activating coenzyme on the one hand, and the 
system, activating coenzyme plus oxidizing enzyme on the other 
hand. It has not yet been possible, although attempts have been 
made, to obtain the oxidizing enzyme free from the activating 
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coenzyme. In the case of the bacterial suspension containing 
only the activating coenzyme, the oxidizing enzyme was replaced 
by the artificial catalyst, namely fresh solutions of cresyl blue at a 
concentration of 1.25 mm per liter. 

Warburg (23) in his studies on the effect of inhibitors divided 
them into specific inhibitors, which would combine with his 
Atmungsferment and render it inactive, and general inhibitors, 
which would act through their property of being adsorbed at the 
surface of the cell. The use of KCN as a specific inhibitor has 


— 


fon_in ¢.mm. 


plio 


02 consum 


0 
Time in 
Fia. 4. Effect of KCN on the oxidation of lactate by gonococci kept in 
the ice box. pH7.2;7,37°. © indicates oxidation of lactate by the oxidiz- 
ing enzyme; ©, same with KCN (0.01 m); A on the solid line, gonococci 
heated to 55°, and cresyl blue as the oxidizing catalyst; A on the broken 
line, same with KCN (0.01 m). 


found considerable favor and been the subject of long discussion. 
Cyanide in low concentrations (1 mm) almost completely inhibited 
the oxidation of lactate by the oxidizing enzyme. When the 
cyanide concentration was 10 mm per liter the inhibition was 
complete. When this concentration of cyanide was added to the 
bacterial suspension heated to 55° and containing cresyl blue as 
the artificial catalyst, not only was there no inhibition but there was 
an actual increase in the oxygen consumption to the extent of 44 
per cent when compared with the oxygen consumption by the 
heated bacterial suspension plus dye without cyanide (Fig. 4). 
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HS as a specific inhibitor of cellular oxidations was introduced 
by Negelein (24) and has been used extensively since. Since the 
pK, of HS is 7.2, it was necessary to suspend the gonococci in 200 
mm phosphate, pH 5.2, in order to insure having the H,S largely 
in the undissociated form. H,S in a concentration of 2 mm per 
liter was provided by adding the required amount of NaS to give 
the desired H.S concentration in the vessels and solutions used. 
Soon after the addition of NaS the stop-cocks of the manometers 
were closed, and the lactate was added after temperature equi- 
librium was reached. H.S at such concentration inhibited the 
oxidation of lactate by the oxidizing enzyme almost completely 
(92 per cent). That it had no effect on the activating coenzyme 
was shown by the fact that upon addition of pyocyanine to a 
suspension containing H.S, the oxidation of lactate proceeded 
(Fig. 5). Pyocyaniae was chosen in these experiments because 
_ HLS is a reducing agent. Since the EZ’, of cresyl blue at pH 5.2 is 

+0.136 volt while that of pyocyanine is +0.075 volt, the reoxida- 
tion of the former by atmospheric oxygen in the presence of H,S 
will be more difficult than the reoxidation of the latter. In general 
the more negative the FE’, of a reversible dye, the higher is the rate 
of reoxidation by atmospheric oxygen of the reduced form (Barron 
(16)). 

Valeronitrile, free from HCN, is another specific inhibitor. At a 
concentration of 100 mm per liter it almost completely inhibited the 
oxidation of lactate by the oxidizing enzyme. It had no effect 
on the activating coenzyme, for the oxidation of lactate proceeded 
not only when the oxidation was performed with heated gonococci 
in the presence of cresyl blue, but also when cresyl blue was added 
to the bacterial suspension.after inhibition of the oxidizing enzyme 
by valeronitrile (Fig. 6). The fact that high concentrations of 
valeronitrile were necessary to produce complete inhibition seems 
to indicate that a mechanism other than chemical combination 
with the oxidizing enzyme is involved in this process. 

Monoiodoacetate at a concentration of 10 mm per liter acts as an 
inhibitor not only of the oxidizing enzyme but also of the reversible 
dyes serving as the artificial catalysts. The inhibition produced 
by monoiodoacetate was gradual and reached its maximum in- 
tensity (in the case of the oxidizing enzyme) 80 minutes after the 
enzyme was in contact with the reagent. When the oxidizing 
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enzyme was replaced by cresyl blue, there was also the same 
gradual increase of inhibition, although the maximum was reached 
more promptly, namely 60 minutes later (Fig. 7). In both cases 
the inhibition was incomplete, being 62 per cent in the case of the 
oxidizing enzyme and 61 per cent in the case of cresyl blue (average 
of eleven experiments). That the inhibition produced by mono- 
iodioacetate_was an inhibition of the oxidizing mechanism (whether 
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Fig. 5. Effect of H.S (0.002 m) on the oxidation of lactate by gonococci 
kept in the ice box. pH 5.2; T, 37°. © indicates oxidation of lactate 
(control); G, effect of H:S; A, pyocyanine added. 

Fia. 6. Effect of valeronitrile (0.1m) on the oxidation of lactate by 
gonococci kept in the ice box. pH 7.2; 7, 37°. © indicates oxidation by 
the oxidizing enzyme; ---, same with valeronitrile (@ shows cresyl blue 
added—marked with arrow and letters C.B.); A on the solid line, gono- 
cocci heated to 55°, and cresyl blue as oxidizing catalyst; A on the dotted 
line, same with valeronitrile. 


it be the normal enzyme or the artificial catalyst), and not of the 
activating coenzyme, was shown by the fact that when the inhibi- 
tion reached its maximum limit, the addition of cresyl blue par- 
tially restored the oxidation of lactate. This restoration was 
made possible because, as we have already remarked, the inactiva- 
tion of the oxidizing enzyme or artificial catalyst is a process which 
takes place at a slow rate. Further proof of the view that mono- 
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iodoacetate acts as an inhibitor of the oxidizing agent (either the 
enzyme or the artificial catalyst) is given by experiments in which 
the destroyed oxidizing enzyme (heated gonococci) was replaced 
by pyocyanine. The same slowly rising inhibiting effect on the 
oxidation of lactate was observed (Fig. 8). Monoiodoacetate as 
an inhibitor of biological oxidations has a more restricted action 
than the other inhibitors. Lundsgaard (25) reports that this 
substance does not affect the rate of oxygen consumption of yeast 
cells. Krebs (26) states that it partially inhibits the respiration of 
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Fig. 7. Effect of monoiodoacetate (0.01 m) on the oxidation of lactate by 
gonococci kept in the ice box. pH 7.2; 7, 37°. © indicates oxidation by 
the oxidizing enzyme; ©, same with monoiodoacetate; A on the solid line, 
gonococci heated to 55°, and cresyl blue as oxidizing catalyst; A on the 
dotted line, same with monoiodoacetate. 

Fia. 8. Effect of monoiodoacetate on the oxidation of lactate by heated 
gonococci (55°) with pyocyanine as the artificial catalyst. pH 7.2; 7, 37°. 
© indicates control; 5, with monoiodoacetate (0.01 m). 


mammalian tissues (brain, testicle, rat sarcoma) when the tissues 
utilize glucose. The inhibition disappears, however, when the 
tissues are kept in solutions containing lactate. One of us* has 
observed that monoiodoacetate had no effect on the respiration and 
fertilization of sea urchin eggs. 


? Unpublished experiments of Barron done at Woods Hole. 
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The catalytic effect of reversible dyes on the oxidation of lactic 
acid can be used as a method for determining the activity of the 
oxidizing enzyme. The lower the activity of the enzyme, the 
greater is the effect of the catalyst. When the oxidizing en- 
zyme was highly active, as in the case of fresh gonococci suspen- 
sions, the addition of cresyl blue had almost no effect on the 
rate of oxidation. When the activity of the enzyme was di- 
minished by keeping the gonococci suspension in the ice box for 
several days, there was an increase of 84 per cent. When the 
enzyme was further inactivated by drying the bacteria in a vacuum, 
the per cent increase rose to 221 (Table VII). 


TABLE VII 
Relation between Activity of Oxidizing Enzyme and Catalytic Effect of Cresyl 
Blue (1.25 ma per Liter) on Oxidation of Lactic Acid by a-Hydroxyoxidase 
All the figures are referred to 1 mg. of dry bacteria. 


Os consumption 
Treatment of enzyme to dye 
Without i catalysts 
cresyl blue | cresyl blue 
c.mm, c.mm. per cent 
Fresh bacterial suspension. ................ 147.0 157.3 7 
Suspension kept in ice box for 6 days....... 65.7 121.1 84.2 
Suspension of vacuum-dried gonococci. ..... 25.5 82.0 221.5 


The general inhibitors used in these experiments were the 
following: urethane, phenylurea, valeramide. It is probable that 
all of them act through their action on the activating coenzyme, 
since the oxidation of lactate was partially inhibited whether the 
oxidizing enzyme or the artificial catalyst was used to perform the 
oxidation. The inhibiting effect of urethane was about the same 
whether the oxidation of lactate was performed by the oxidizing 
enzyme or the artificial catalyst (Fig. 9). Valeramide had a 
stronger inhibiting action when the oxidation was performed by 
the oxidizing enzyme (71 per cent inhibition) than when the 
oxidation was performed by the artificial catalyst, cresyl blue (29 
per cent inhibition) (Fig. 10). The same results were obtained 
with phenylurea, which produced an inhibition of 52 per cent 
when the oxidation was performed by the oxidizing enzyme, and 
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42 per cent when the oxidation was performed by the artificial 
catalyst (Fig. 11). 

In Table VIII a summary is given of these properties of the 
activating coenzyme and the oxidizing enzyme. 


Oxidation of Activated Lactic Acid by Hemin and Nicotine-Hemin 


Since the oxidation of lactic acid activated by the activating 
coenzyme of a-hydroxyoxidase can be brought about by reversible 


E 

E 

“lool. 

c 

> 

a 9 Esq. 

s 

i i 5 i 
20 70. 
Time in minutes Time in minutes 

Fia. 9 Fie. 10 


Fia. 9. Effect of urethane (0.224 m) on the oxidation of lactate by gono- 
cocci kept in the ice box. pH 7.2; 7, 37°. © indicates oxidation by the 
oxidizing enzyme; ©, same with urethane; A on the solid line, gonococci 
heated to 55°, and cresyl blue as oxidizing catalyst, A on the dotted line, 
same with urethane. 

Fie. 10. Effect of valeramide (0.224 m) on the oxidation of lactate by 
gonococci kept in the ice box. pH 7.2; 7, 37°. © indicates oxidation by 
the oxidizing enzyme; OG, same with valeramide; A on the solid line, gono- 
cocci heated to 55°, and cresyl blue as oxidizing catalyst; A on the dotted 
line, same with valeramide. - 


dyes, provided the reduction of the dye and its reoxidation by 
atmospheric oxygen are easily accomplished, it is reasonable to 
expect a priori that hemin and hemin in combination with certain 
nitrogenous substances could also act as catalysts. Knowledge of 
whether or not such action occurs is of importance, because of the 
universal occurrence of hemin derivatives, which has been well 
established by the researches of MacMunn (27), Warburg (8), 
Keilin (28), Yaoi and Tamiya (29), and Yaoi, Tamiya, and 
Nakahara (30). 
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Fia. 11. Effect of phenylurea (saturated) on the oxidation of lactate by 


gonococci kept in the ice box. pH 7.2; 7, 37°. 


© indicates oxidation by 


the oxidizing enzyme; ©, same with phenylurea; A on the solid line, gono- 
cocci heated to 55°, and cresyl blue as the oxidizing catalyst; A on the 
dotted line, same with phenylurea. 


TABLE VIII 


Summary of Some Properties of Activating Coenzyme and Oxidizing Enzyme 


of a-Hydroxyoxidase 


Activating coenzyme Oxidizing enzyme 
KCN (0.01 m) No effect Complete inhibition 
asf 8 (0.002 m) “ “ “ “ 


(CH;),;CHCH:CN (0.1 m) 
CH,ICOONa (0.01 m) 
Urethane (0.224 m) 
Phenylurea (saturated) 
Valeramide (0.224 m) 
Solubility 


7 per cent inhibition 
No effect 

26 per cent inhibition 
42 “ “ 

29 “ “ “ 
Demonstrably soluble 


62 per cent inhibition 
28 “ “ 

52 “ 

71 “ 
Not demonstrably 
soluble 
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Hemin can be dissolved in alkaline solutions. As the activity 
of a-hydroxyoxidase is not destroyed below pH 10, we performed 
the experiments at pH 8.98 using borate as a buffer. In all these 
experiments the enzyme was obtained from gonococci suspensions 
washed with 0.9 per cent NaCl, suspended in distilled water, and 
in which cytolysis was due to the addition of a small amount of 
0.04 n NaOH as previously indicated. In order to destroy the 
oxidizing enzyme, the suspensions were heated for 2 hours at 60°. 
The oxygen consumption was measured in the usual manner at 
37°. The main part of the Warburg vessels contained 2 cc. of the 
enzyme suspension, 0.5 ec. of 100 mm borate buffer, and 0.2 cc. 
of lithium lactate solution (final concentration, 29.7 mm per liter). 
The side arm of the vessel contained 0.3 cc. of hemia dissolved in 
the same borate buffer (final concentration, 0.2 mm per liter) by 
gently heating to 70° for 5 minutes. 

Crystalline hemin was prepared from dog blood by the method 
by Willstatter and Fischer (31). Nicotine-hemin was prepared by 
adding 23 mm per liter of nicotine to 2 mm per liter of hemin. As 
can be seen in Fig. 12, although hemin oxidized the activated 
lactate, the rate of oxidation was extremely small, 15.4 c.mm. per 
hour (average of eight experiments). On the other hand, nicotine- 
hemin showed a marked catalytic power, the rate of oxidation 
being 137.5 c.mm. per hour (average of seven experiments). 
Neither hemin nor nicotine-hemin was capable of causing oxidation 
of lactate at pH 8.98 in the absence of the activating coenzyme. 

From preliminary data published by Conant and Tongberg (32) 
on the oxidation-reduction potentials of hemin and pyridine-hemin 
we find that the hemin compounds are systems which can be 
reversibly oxidized and reduced. At constant hydrogen ion 
activity at 25° the potential of these systems which involve 1 
equivalent change is given by the equation 


(reduced) 


= — 0.06 log 


The EZ’ of hemin at pH 9.15 and 22° + 2° is given by Conant and 
Tongberg as —0.230 volt + 10 millivolts. Since no values were 
given for nicotine-hemin, the EZ’, of this system was determined 
at 25° by titrating it with TiCl. The hemin was dissolved in 
Sérensen’s borate buffer by gently warming it at 70° for 5 minutes. 
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To 40 cc. of this hemin solution there were added an equal amount 
of 200 mm sodium tartrate as recommended by Conant, and 0.3 ce. 
of nicotine. The concentration of hemin was 0.2 mm and the 
concentration of nicotine 23 mm per liter. Two gold electrodes 
were employed in the experiments. The titrations were performed 
by means of a microburette and in the presence of a stream of 
purified nitrogen. The addition of nicotine, as is the case when 
pyridine is added to hemin, made the potential more positive. 
The system was found to be reversible and the nicotine-hemo- 
chromogen formed by reduction was observed spectroscopically. 
The E£’, at pH 9.207 was —0.025 volt (Fig. 13). 


consumption in_c.mm. 


0 
Time in minalts 


Fig. 12. Oxidation of lithium lactate by hemin and nicotine-hemin in the 
presence of heated gonococci suspensions (60° for 2 hours). pH 8.98; 7, 
37°. Concentration of lactate, 37 mm per liter. Concentration of hemin- 
nicotine, 0.2 mm per liter. © indicates heated gonococci + lactate; 0, 
heated gonococci + lactate + nicotine-hemin; dotted line, heated gonococci 
+ lactate + hemin. 


The low catalytic power of hemin compared with the high 
catalytic power of nicotine-hemin is in accordance with the 
experiments of Barron and Hoffmann (20). On studying the 
catalytic action of dyes possessing different potentials, it was 
found that the dyes having the higher catalytic effect were those 
which were easily reduced by the cell and easily reoxidized by 
atmospheric oxygen. The catalytic power of dyes which, on 
account of their negative potentials, were reduced with difficulty 
or not reduced at all (safranine, Janus green, neutral red) pos- 
sessed, accordingly, a low catalytic power or none at all. In the 
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case of hemins we find a confirmation of this rule. Hemin, which 
has the more negative potential (—0.230 volt at pH 9.15), had a 


+0.0h0) 


Volts 


Fig. 13. Titration of oxidized nicotine-hemin in borate-tartrate buffer 
(pH 9.207) with TiCl;. 2’, = —0.025 volt. Abscissa, cc. of TiCl;; ordinate, 
E.M.F. in volts, referred to the hydrogen electrode. 


low catalytic power, while nicotine-hemin, whose more positive 
potential (—0.025 volt at pH 9.207) allowed its easy reduction by 
the lactate-activating coenzyme, possessed a high catalytic power. 
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Mechanism of Oxidation of Lactic Acid by a-Hydroxyoxidase 

It is believed that the experiments reported show that lactic 
acid, in order to be oxidized, must first be activated by the activat- 
ing coenzyme. The term, activation, and the mechanism of the 
oxidation of activated lactic acid, will be further discussed. 

When a buffered solution containing a mixture of lactate and 
pyruvate is introduced into a vessel containing a noble metal 
electrode, connected in the usual way to a calomel electrode, and 
is deaerated with nitrogen, no electromotive force suggesting the 
existence of an oxidation-reduction system is found. Quite a 
different picture is observed when lactate-pyruvate is added to 
the same buffered solution containing a-hydroxyoxidase and a 
reversible dye (cresyl violet or brilliant alizarin blue) which has 
previously been thoroughly deaerated with nitrogen. The 
potential quickly becomes negative and at the end of 1 or 2 hours 
reaches a steady value. At pH 6.699 and 37° the EF’, i.e. the 
potential for an equimolecular ratio of lactate and pyruvate, was 
found to be —0.158 volt (Fig. 14).* This experiment may be 
interpreted as indicating that the electron-escaping tendency of 
the system has become apparent when the system, lactate-pyru- 
vate-dye, contains the activating coenzyme, and its reduction 
intensity can then be properly measured either electrometrically 
or by the use of dye indicators. By activation we mean, therefore, 
that the activating coenzyme has rendered the lactate molecule 
ready to react reversibly with electromotively active systems; that 
there has been produced a rearrangement of the electronic struc- 
ture of the molecule so that electron exchanges with other sub- 
stances can take place. 

Activation of the lactate molecule alone, however, is not sufficient 
to produce its oxidation in the presence of molecular oxygen. The 
inherent relative inactivity of molecular oxygen, in spite of its 
theoretically high oxidation potential, is well known. The oxida- 
tion of the activated lactate molecule takes place by means of 
electronic exchange as soon as it comes in contact with an electro- 
motively active oxidation-reduction system of more positive poten- 
tial. Such is the case when either reversible dyes or hemins are 


3 There have recently appeared two preliminary notes on this subject 
(Wurmser, R., and Meyer, N., Compt. rend. Acad. sc., 195, 81 (1932); 
Baumberger, J. P., Jiirgensen, J. J., and Bardwell, K., XIV Cong. Internaz. 
fisiol., Rome (1932)). 


4 : 
aad 


E. 8. G. Barron and A. B. Hastings 177 


used as catalysts; and, since the universality of hemin derivatives 
as constituents of the cell is generally admitted, it is reasonable 
to assume that the oxidizing enzyme is a hemin derivative. Hemin 
is a reversible oxidation-reduction system possessing a quite 
negative potential. As to nitrogenous compounds of hemin, the 
experiments of Conant and Tongberg with pyridine-hemin and 
those described here with nicotine-hemin are an indication that 
the addition of certain nitrogenous substances to hemin makes the 
potential more positive and in this manner renders the system a 


2 
= 


T 


2 EMEin volts 2 


+0.200L 


1 
Time 


Fig. 14. Potential of an equimolecular mixture of lactate and pyruvate 
in the presence of a-hydroxyoxidase and cresyl violet. The lactate-pyru- 
vate was introduced into the vessel from a spoon at time 0. pH 6.699; 7, 
37°. = —0.158 volt. 


better oxidizing agent. The oxidation of the active lactate by 
the nitrogenous hemin compounds can therefore be described in 
terms of electronic exchange. The reducing system, lactate, 
becomes thus oxidized, while the oxidizing system, the nitrogenous 
hemin compound, becomes reduced. Molecular oxygen reoxidizes 
the ferrous hemin into ferric hemin, and we have the hemin ready 
to act once more as an oxidizing agent. The chain of reactions 
may be expressed as follows: 


(1) 2CH,CHOHCOO- + 4Fe+++= 2CH,;COCOO- + 4Fe** + 4H* 
(2) 4Fe** + 20,=— 4Fet** + 40- 
(3) 4H* + 40- — 2H,0, 

(4) 2H,0, + catalase — 2H,0 + O, 
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The reoxidation of the ferrous hemin derivative by atmospheric 
oxygen proceeds at great speed. The rate of reoxidation was 
measured at 25° by the electrometric method described by Barron 
(16) and checked spectroscopically. A solution of nicotine- 
hemin in borate buffer at pH 9.207 (the concentrations of hemin, 
nicotine, and buffer were the same as those used in the titration 
of the system previously described) was reduced by TiC}; in the 
presence of a stream of purified nitrogen, some excess of the reduc- 
ing agent being added. The nitrogen was then replaced by 
atmospheric oxygen coming through a calibrated flowmeter at the 
rate of 2 cc. per minute. The measurements were started as soon 


TABLE IX 
Rate of Oxidation of Reduced Nicotine-Hemin by Atmospheric Oxygen 
Concentration of hemin, 0.2 mm; concentration of nicotine, 23 mm per 
liter; buffer, borate-tartrate; pH 9.207; 7’, 25°. 


3 


as 2 per cent of the reduced hemin-nicotine was oxidized and were 
followed until 98 per cent oxidation was reached (Table IX). 

The demonstration of the existence of H2,O:2, called for in 
Equation 3, is made difficult because of the presence in gonococci 
of catalase, the enzyme whose function is to decompose H,O; into 
water and oxygen as soon as it is formed. It is well known that 
H,0, is formed in the oxidation of hydroquinone by air, and 
recently, Reid (33) and Macrae (34) have shown that H,0: is 
formed in the oxidation of leucomethylene blue by air. 


DISCUSSION 


As Hopkins pointed out in an address to the Physiological 
Congress at Stockholm (35), Wieland’s theory attaching supreme 
importance to the activation of hydrogen and Warburg’s theory 
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of activation of oxygen by the iron-containing Atmungsferment 
“are mutually incompatible only when either is expressed in too 
dogmatic form.” 

The experiments described in this paper, we believe, fully cor- 
roborate Hopkins’ views expressed 6 years ago. The oxidation of 
the lactic acid by the cell is performed by a-hydroxyoxidase, 
which is a complex enzyme containing two factors equally impor- 
tant for the oxidation of the substrate: factors having the properties 
of Wieland’s dehydrase and Warburg’s Atmungsferment. 

Lactic acid, in order to be oxidized by the cell, must first be 
activated. The activation of the molecule is performed by the 
activating coenzyme, which may be identified with Wieland’s 
dehydrase. The activation of the lactate molecule, however, is 
not enough to produce oxidation by molecular oxygen. In spite 
of its highly positive potential, molecular oxygen is a very sluggish 
oxidant, so sluggish in the case of the oxidation of activated 
lactate that it cannot be measured in a reasonable time. Proof of 
this fact is found in those experiments in which the oxidizing 
enzyme has been destroyed by heat, separated either by repeated 
centrifugation or filtration through a Berkefeld filter, or inhibited 
by the addition of specific inhibitors. In all these cases, although 
the activating coenzyme is still present and the lactic acid has 
become activated, there is no oxidation, unless a reversible oxida- 
tion-reduction system of more positive potential than the potential 
of lactate is added. Reversible dyes and nitrogenous compounds 
of hemin have been used as artificial oxidizing catalysts. 

Once the oxidizable substrate has been rendered active by the 
activating coenzyme, it is oxidized in the cell by the oxidizing 
enzyme, which is in all probability a nitrogenous hemin compound, 
as the brilliant researches'of Warburg have shown. Since the 
active lactate is the reduced form of the reversible system, lactate 
= pyruvate~- + 2H+ + 2e, and is characterized by a rather 
negative potential, and, since the oxidizing enzyme is in all 
probability the oxidized form of the reversible system, Fe+++ 
hemin + e = Fe++ hemin, the process of oxidation may be de- 
scribed as one of electronic transfer. By this electronic transfer, 
lactate is oxidized into pyruvate and ferric hemin is reduced into 
ferrous hemin. Atmospheric oxygen does not take part in this 
reaction. The réle of atmospheric oxygen is to reoxidize the 
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ferrous hemin to the ferric form, 7.e. the form in which hemin acts 
as an oxidizing enzyme. The high speed of reoxidation of reduced 
nicotine-hemin by atmospheric oxygen has been shown in this 
paper. It is interesting to note that the addition of certain 
nitrogenous substances to hemin makes its potential more positive, 
increasing in this manner the oxidizing power of the nitrogenous 
hemin compounds. 

The importance of surface structures in cellular oxidations has 
been made clear through the work of several investigators. Re- 
cently this importance has been emphasized in an interesting 
paper by Penrose and Quastel (36) on the inhibiting effect of lysis 
on the oxidations produced by Micrococcus lysedeikticus. Cellular 
oxidations are most probably surface reactions. If it is possible 
to extract from the cell the activating coenzyme (as has been done 
by Stephenson, Bernheim, and ourselves in the case of the activat- 
ing coenzyme for the oxidation of lactic acid), it has not yet been 
possible to separate the oxidizing enzyme, which in many cells 
(leucocytes) loses its activity only a few hours after the cell has 
been taken out from its normal environment. In the case of 
gonococci the activity of the oxidizing enzyme gradually diminishes 
on standing, probably because of cytolysis. 

The réle of MacMunn’s histohematin (Keilin’s cytochrome), a 
mixture of pigments allied to hemins, in cellular oxidations cannot 
yet be well defined until the properties of the hemins grouped under 
that name are known. Undoubtedly some of these hemins are 
reversible oxidation-reduction systems and therefore are oxidizing 
enzymes. Among them is one which forms a loose combination 
with oxygen similar to the combination of hemoglobin with oxygen. 
This cytochrome can be reduced without the aid of an oxidizing 
agent by simple oxygen exhaustion and therefore without a 
change in the valence of iron, as Shibata and Tamiya (37) have 
shown. Since hemoglobin acts as an oxygen carrier by virtue of 
its property of forming reversible loose combinations with oxygen, 
it is most likely that the réle of at least a part of histohematin, or 
cytochrome, is also that of an intracellular carrier of chemically 
inert oxygen. We may add that cytochrome is present in gono- 
cocci cells. 
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SUMMARY 


1. Lactic acid is oxidized by a-hydroxyoxidase from gonococci 
into pyruvic acid. 

2. The velocity of oxidation of lactic acid by a-hydroxyoxidase 
follows the equation for monomolecular reactions. 

3. The temperature coefficient, Q:o, for the oxidation of lactic 
acid by the enzyme between 25-35° is 2.23, and the increment of 
energy has been estimated as 14,900 calories per gm. molecule. 

4. Hemin and nicotine-hemin have been found to act as catalysts 
for the oxidation of activated lactate. 

5. The oxidation of lactic acid by a-hydroxyoxidase is performed 
by the action of two components which play equally important 
roles; the activating coenzyme, which activates the lactate molecule 
and thus changes it into a reversible oxidation-reduction system; 
and the oxidizing enzyme, which oxidizes the active lactate. This 
oxidation has been explained in terms of electronic transfer. 

6. Some properties of both components of a-hydroxyoxidase 
have been studied. 
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SOME ANALYSES OF EGG-SHELL KERATIN* 


By HERBERT 0. CALVERY 
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The chemical changes which occur during the development of 
the chick embryo are so closely allied to the chemistry of the 
proteins present in the fresh egg that further studies of the proteins 
are necessary before a clear understanding of the reactions which 
take place during the incubation period is possible. Such studies 
are in progress and some have already been reported (1, 2). The 
analyses reported in this paper include those for ash, moisture, 
sulfur, nitrogen, and some of the amino acids present in egg-shell 
keratin. 


EXPERIMENTAL 


The shells used in this investigation were obtained from eggs not 
more than 1 day old. The contents were removed and the shells 
washed well with water to remove the adhering white. They were 
then suspended in 3 to 5 per cent hydrochloric acid in order to 
remove the soluble inorganic material, washed, and subsequently 
digested several days with pepsin in hydrochloric acid for removal 
of digestible proteins, which are insoluble in water and dilute acid, if 
such were present. No effort was made to separate the various 
membranes, so that the results represent the values obtained from 
a mixture of the inner shell membrane, the outer shell membrane, 
and any material not removed by the procedure mentioned above 
in which inorganic salts were embedded. The weight of this 
material is practically insignificant in comparison with the weight 
of the two membranes. After digestion with pepsin the keratin 
was washed thoroughly with distilled water, followed by alcohol 


* An abstract of this paper was presented at the meeting of the American 
Society of Biological Chemists at Philadelphia, April, 1932. 
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and ether, and dried in a vacuum desiccator over sulfuric acid for 
48 hours. 

The ash was determined by ignition in platinum crucibles, the 
moisture by drying at 110° to constant weight, the nitrogen by the 
Kjeldahl-Gunning method, and the sulfur by the Denis modifica- 
tion of the Benedict method after the protein had been digested for 
6 hours with 50 parts of concentrated nitric acid. The arginine, 
histidine, and lysine were determined by a method previously 
reported (3). The procedure of Vickery and Leavenworth (4) for 


TABLE I 
Values Reported on Basis of Ash- and Moisture-Free Protein 

Calvery Abderhalden and Plimmer and 

per cent per cent per cent 
0.05 0.29 
3.78 
1.10 
Glutamic acid............. 10.11 8.10 
2.61 
12.67 7.60 (Mérner) 
8.88 8.60 
0.86 2.20 


removal of cystine as the copper salt from the histidine fraction 
was followed because of the large amount of cystine present. 
The glutamic acid and aspartic acid were determined by the isola- 
tion procedure of Jones and Moeller (5). The tyrosine and trypto- 
phane were determined by the methods of Folin and Ciocalteu (6) 
and the cystine by the method of Folin and Marenzi (7). 

The results are reported in Table I along with those of 
Abderhalden and Ebstein (8), Plimmer and Rosedale (9), and 
Morner (10). 
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DISCUSSION 


The previous analyses of egg-shell keratin are reported along 
with those of the author in Table I and include the determination 
of the monoamino acids by Abderhalden and Ebstein (8), the ash, 
moisture, nitrogen, and basic amino acids determined by Plimmer 
and Rosedale (9) by the nitrogen distribution method, and the 
cystine obtained by isolation by Mérner (10). Abderhalden and 
Ebstein used 25,000 eggs and obtained 450 gm. of protein. In 
the present investigation approximately 800 eggs were used and 80 
gm. of protein were obtained. Abderhalden and Ebstein did not 
attempt to recover all the membranous material. Also, their 
procedure did not include digestion with pepsin but did include 
heating for 5 hours with 5 per cent acetic acid on a boiling water 
bath. They did not report a nitrogen value, and the amino acids 
were determined by the ester-distillation method. There was 
much decomposition, much of it undoubtedly being due to the 
large amount of cystine present. The low nitrogen value reported 
by Plimmer and Rosedale is probably not corrected for ash and 
moisture, which, even though corrected, is only 14.18 per cent, a 
value much lower than that reported in the first column of Table I 
and also much lower than the value 16.4 per cent reported by 
Lindwall (11). It is interesting to note that the ratios of arginine, 
histidine, and lysine to each other are quite close to the ratios of 
12:1:4 which Block and Vickery (12) have postulated are the 
ratios of these amino acids in a true keratin. Their tentative 
definition of a keratin is the following. 


“A keratin is a protein which is resistant to digestion by pepsin and trypsin, 
which is insoluble in dilute acids and alkalies, in water and in organic 
solvents, and which, on acid hydrolysis, yields such quantities of histidine, 
lysine, and arginine that the molecular ratios of these amino acids are 
respectively approximately as 1:4:12.” 
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THE ALLEGED TRANSFORMATION OF SERUM ALBUMIN 
INTO SERUM GLOBULINS 


By SANFORD B. HOOKER anv WILLIAM C. BOYD 
(From the Evans Memorial, Massachusetts Memorial Hospitals, Boston) 
(Received for publication, November 18, 1932) 


Earlier experimenters have claimed that serum albumin can be 
converted into serum globulin by the action of simple reagents 
in vitro, usually by alkali (14, 17) or heat (18). Bechhold (3) 
stated that it can be accomplished by salts of heavy metals and 
by light. These earlier claims seem very improbable in view of 
the amino acid contents (1, 9-12), the results of formol titrations 
(15), and sulfur and carbohydrate determinations (4) made on 4 
albumin, globulin, and “artificial globulin.” A true conversion 
is especially unlikely in view of the work of Fanconi (6), who found Q 
that the “artificial globulins” behaved, as judged by anaphylactic 
reactions, simply like more or less racemized albumin. 

More recently Fischer has published in several places (7, 8) ' 
a new claim of the transformation of albumin to globulin by means i. 
of heparin (antiprothrombin). He states (8), ‘“Albumin-heparin 
compounds behave as genuine globulins, and we are justified in 
considering them as identical with the globulins.” He also says, 
“Heparin acts on the principle of the ‘unregelmiissige Reihe,’ that 
is, greater amounts inhibit, and smaller promote the flocculation. 
The euglobulin goes into solution with a small amount of heparin; 
the pseudoglobulin needs a larger amount of heparin than the 
euglobulin for solution,” 


The last part of the latter statement is contradicted by conclu- : 
sions drawn by Reiner and Kopp (16) in 1928, “. . .gegen die Ann- a 
ahme, dasz das Heparin der Stoff ist, der unter physiologischen f 
Verhaltnissen das Globulin peptisiert.” 4 

It is with Fischer’s first statement that we have chiefly to do y 
here. The criteria of identity given by Fischer are all physical 
characteristics, and it seemed of interest to apply also the more j 
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delicate and specific methods of immunology; for if the artificial 
globulin is identical with the natural product, then it should give 
identical immunological reactions. 

We have found that the addition of heparin to a solution of 
pure crystalline serum albumin produced no flocculation at all, 
over a wide pH range and even with added electrolytes;! also that 
the albumin solution to which heparin had been added behaved 
immunologically like albumin. We did find, however, that the 
addition of heparin to an albumin that had been precipitated only 
once or twice, and not freed of ammonium sulfate by careful 
dialysis against buffers, caused the protein to flock out, as stated 
by Fischer. This product was soluble in saline, and was precipi- 
tated by half saturation with ammonium sulfate; however, it still 
reacted to the same degree as albumin with an antialbumin pre- 
cipitating serum, and entirely failed to react with an antiglobulin 
serum. The same was found to be true of its reaction with an 
appropriately adsorbed old antiserum obtained by injecting whole 
horse serum, showing that the failure of the “artificial globulin” 
to react like a globulin was not due to any immunological difference 
between the purified proteins and the proteins as they exist natu- 
rally in horse serum. It would seem, then, that the product ob- 
tained by the reaction of heparin with serum albumin can hardly 
be said to be identical with serum globulin. 


EXPERIMENTAL 


Preparation of Proteins—Serum albumin and serum globulin 
were prepared from fresh horse serum by the methods described 
by Adair and Robinson (2). After four crystallizations, the al- 
bumin under toluene was dialyzed in cellophane 4 days in the cold 
against daily changes of the buffer mixture described by these 
authors. This was followed by a similar dialysis against daily 
changes of distilled water. The final solution contained 3.33 mg. 
of nitrogen per ml., corresponding to a protein content of about 
2 per cent. It was sterilized by Berkefeld filtration, and part of 
it rendered isotonic by the addition of NaCl. 

The serum globulin was precipitated four times, then dialyzed 

1 Similarly, Henriques and Klausen (13) have found that the addition 


of heparin to serum did not increase the amount of chemically demonstrable 
globulin. 
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in the ice box, against the buffer solution described by Adair and 
Robinson, for 6 days, the buffer solution being changed each day, 
and toluene being always present. It was then dialyzed under the 
same conditions against 0.85 per cent NaCl solution for 4 days. 
The final solution contained 4.91 mg. of N per ml. corresponding 
to a protein content of about 3 per cent. It was sterilized by 
Berkefeld filtration. 

Later, serum albumin was prepared from horse sera, which 
had been stored some time in the ice box, by removing the globu- 
lins by half saturation with ammonium sulfate, and inducing 
precipitation in the filtrate by the cautious addition of 0.2 n 
H,SO,. The resulting precipitate was dissolved in distilled water, 
and in some cases further purified by precipitation by the addition 
of sufficient saturated ammonium sulfate solution, in which case 
the precipitate was redissolved and dialyzed overnight against 
distilled water. These preparations all gave similar results, and 
will be designated as crude serum albumin. 

Preparation of Antisera—Two rabbits were immunized against 
the isotonic albumin solution and two against the globulin, and 
the pooled sera from each pair used for the tests. Each rabbit 
received seven intraabdominal injections of 4 ml. at weekly in- 
tervals. 

Reactions of antisera are displayed in Table I. 

It is indicated by the cross reactions of unadsorbed sera, and 
confirmed by untabulated adsorption tests, that the globulin 
preparation contained some albumin. This in itself urges the 
necessity for immunological tests on such preparations before 
they are used for accurate chemical or physical quantitative de- 
terminations from which far-reaching deductions are drawn. In 
the present instance the antialbumin precipitin was easily removed 
from the antiglobulin or anti-horse serum by adding 0.3 ml. of 
albumin solution per ml. of serum, keeping at 37° for 30 minutes, 
and centrifuging. 

Addition of Heparin to Albumin—Small amounts of successive 
dilutions of heparin solution were added to the crystalline albumin 
solution which had been brought to pH 5 by the addition of dilute 
HCl or H.SO,. Though other hydrogen ion concentrations than 
pH 5 were investigated, no precipitate formed, in contrast to the 
ease with which it was obtained with the crude albumin solution. 
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The precipitate formed in the heparin-crude albumin mixture, 
when dissolved in an original volume of saline, was tested against 
the anti-horse serum and the adsorbed antiglobulin sera. The 


results appear in Table IT. 


TABLE I 
Precipitin Reactions of Antisera 
Albumin | Globulin 

Serum No. Antigen dilutions 

123456 78 AS12345678 A 
601-2 (antic ++++++00 004++++++00 0 
albumin)ip pp ppp00 oO 
603-4 (anti- |++++++ +0 ++++++ 00 
globulin) |p p p p p p +0 Ppppppod 
603-4 (ad-\+ 0000000 OO 
sorbed 00000000 
with al- 
bumin) 
191 (anti-|\+ +++ 0000 W++++0000 
horse se-|p pp p 0000 
rum) 
191 (ad-|0 0000000 Je++++0000 
sorbed 00000000 
with al- 
bumin) 
602(normal|0 0000000 00000000 
serum) 00000000 000000000 


+ signifies positive interfacial (‘“‘ring’’) test read after 30 minutes; p, 
positive sedimentation test read after 18 hours in the cold; A signifies anti- 
gen control; S, serum control. Dilutions are given in powers of 3; thus 6 
means a dilution of 1:3° = 1:729. = signifies a weakly positive inter- 
facial or sedimentation reaction. 


It is seen that the albumin-heparin compounds behave im- 
munologically exactly like albumin, and not at all like globulins. 
The diminished titer of Serum 191 with the redissolved albumin- 
heparin flocculi finds acceptable explanations in the fact that the 
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crude albumin alone did not react in as high dilution as the puri- 
fied albumin, and in the probability that not all of the crude al- 
bumin in solution was precipitated by the heparin. 

Were further confirmation desired, immune sera could be pro- 
duced with albumin-heparin compounds. However, inasmuch 
as our purified albumin did not flocculate with heparin, and as 
crude albumin doubtless contains some globulin, there are objec- 
tions to the use of either mixture as an immunizing agent. Serum 
globulin is a more active antigen than serum albumin and its 


TABLE II 
Precipitin Reactions of Albumin-Heparin Compounds 
Albumin + heparin (no precipitate) | Crude albumin *+ heparin 
Serum No. Dilutions 


603-4 (adsorbed| 0000000 00/00000 0 
with albumin) | 0000000 00/00000 0 
191 (anti-horse| + ++ +0 
serum) P Pp po 
191 (adsorbed | 0 0 0 0 0 
with albumin) | 0 0 0 0 0 01/00000 


+ signifies positive interfacial (‘‘ring’’) test read after 30 minutes; p, 
positive sedimentation test read after 18 hours in the cold; A signifies anti- 
gen control; S, serum control. Dilutions are given in powers of 3; thus 6 
means a dilution of 1:3 = 1:729. + signifies a weakly positive inter- 
facial or sedimentation reaction. 


presence in crude albumin could be expected rather regularly to 
give rise to antiglobulin of appreciable titer—perhaps even higher 
in potency than the concurrently produced antialbumin. In 
such cases, the embarrassment to a confident interpretation of the 
reactivities of such sera would be considerable. 


DISCUSSION 


It is evident that from the older point of view, which considered 
the serum proteins as definite chemical individuals, the chemical 
and immunological evidence available is sufficient to rule out the 
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suggestion that any of the “artificial globulins’ so far reported 
can be identical with natural globulin. Fischer, however, states 
(8), ‘This consideration agrees very well with the modern con- 
ception (Sérensen) which considers the proteins as reversible 
dissociable systems of components.” It may be well to quote 
Sgrensen’s point of view in his own words (19). Hesays: “These 
substances [7.e. proteins] are represented by the ordinary formula 
A,B,C,..., where A, B, C, etc. indicate entire complexes, mainly 
polypeptides, whereas the subjoined indices, x, y, z, etc. indicate 
the numbers of the said complexes contained in the whole com- 
ponent system.” 

It is not wholly obvious that a series of albumin-heparin com- 
pounds, each with its own dissociation constant, meets the condi- 
tions of Sgrensen’s concept. But in any case, it follows that if 
these proteins are, as Sgrensen maintains, made up of a system of 
reversibly dissociable components, then globulin must contain a 
component or components not present in albumin. Consequently, 
(a) the combination of albumin with an extraneous substance other 
than the group or groups characterizing globulin— and, from the 
immunological data, it seems unlikely that heparin is that group— 
or (b) the action of a reagent which might be supposed to rearrange 
these components, could hardly transform albumin into globulin. 
The composition of heparin is apparently still undecided, but it is 
thought to be a glycuronic acid derivative; in any case the very 
small amount that suffices to produce the changes observed by 
Fischer would seem to preclude any possibility that heparin is the 
source of any amino acid, or additional amount of amino acid, 
present in globulin but not in albumin. 

The immunological evidence likewise shows that the “artificial 
globulins” did not contain certain antigenic determinants present 
in natural globulin, and, in the case of the albumin-heparin com- 
pounds, still contained the specific determinants found in albumin, 
but absent from globulin. This proves that the albumin-heparin 
compounds are not identical with globulin. It indicates, but does 
not absolutely prove, as the chemical evidence seems to do, that 
it would be impossible to make globulin from albumin in vitro by 
a simple reagent. For though it seems unlikely that an antigenic 
specificity could be conditioned by a different reversible linking 
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through residual valencies of the same components (one would 
expect the components in either case to arrange themselves into 
the state of equilibrium appropriate to the conditions obtaining 
in the blood and tissues of the injected animal, and consequently 
produce identical antigenic stimuli), we cannot state this definitely, 
in view of our extreme ignorance of what constitutes an antigenic 
determinant in a natural protein. 

The observations of Carpenter and Hucker (5) who apparently 
found antigenic specificity in caseins of different molecular weights, 
do not definitely argue against this point of view, for it is not cer- 
tain that the three forms were all made up from the same com- 
ponents, or even if so, that the transformations there involved 
really fall into the class of reversible transformations considered 
by Sgrensen. 

To those who might urge that our isolated proteins are arti- 
factual and so could behave differently than proteins in their 
natural state, we draw attention to the abundant evidence that 
this does not seem to be true in the immunological sense. Compari- 
son of immune sera produced by properly isolated and by natural 
proteins gives little or no indication that antigenic specificity has 
been altered by processing. 


SUMMARY 


Heparin-serum albumin compounds prepared from several 
samples of albumin, including one which had been crystallized 
four times, were investigated immunologically and found to be- 
have like unaltered albumin, and not at all like globulin. This is 
shown to be in line with chemical analyses of albumin and globulin 
made by other workers, indicating that albumin-heparin com- 
pounds are not identical with globulin. The interpretation of this 
from Sgrensen’s conception of proteins as reversible dissociable 
systems of components is considered. 

Even though antigenic specificity may be profoundly influenced 
by certain minor changes in the protein molecule, we urge, as has 
been done before, that the developing technology of immune reac- 
tions has much to offer the chemist who wishes information con- 
cerning the purity and intimate nature of the protein compounds 
with which he deals. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. C, NO. 1 
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THE EXTRACTION OF THE ANTINEURITIC VITAMIN 
(VITAMIN B,) FROM DRIED BREWERS’ YEAST 


By ATHERTON SEIDELL 


(From the National Institute of Health, United States Public Health Service, 
Washington) 


(Received for publication, December 10, 1932) 


For the purpose of preparing vitamin concentrates from brewers’ 
yeast the usual method is to extract the vitamin by means of hot 
water. It was shown some years ago (1) that by this procedure 
about 20 per cent of the total solids of the yeast enters the aqueous 
solution and about 25 per cent of the vitamin originally present 
remains attached to the approximately 80 per cent of undissolved 
solids. When fullers’ earth is added to such extracts for the pur- 
pose of adsorbing the vitamin, a considerable amount of other 
nitrogenous substances is simultaneously adsorbed. If vitamin 
extracts containing a smaller proportion of the solids of the yeast 
could be prepared it might be expected that fullers’ earth adsorp- 
tion products containing smaller amounts of the other adsorbable 
compounds than vitamins would be obtained. It was for the 
purpose of gaining information upon this point that the experi- 
ments here described were undertaken. 

The relative solvent action of various aqueous alcohol mixtures 
upon fresh brewers’ yeast and rice polishings has been studied by 
Funk, Harrow, and Paton-(2). Unfortunately, however, these 
authors present their results in such a manner that it is impossible 
to know exactly what they found. The results of their tests on 
pigeons and rats are given in terms of daily percentage changes in 
weight but the doses which produced these changes are not stated. 
It is regrettable that such a carefully planned and executed 
research should not have been described in sufficient detail to 
permit others to make full use of the results. 

Commercial Dried Brewers’ Yeast—Due to the perfection in 
recent years of processes for the very rapid drying of liquids on a 
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large scale, dry yeast has become a commercial product of increasing 
importance. It has the advantages over fresh yeast of smaller 
bulk and greater stability. Unfortunately, however, there is 
considerable variation in the vitamin content of these products. 
The results of feeding tests' on pigeons made with five commercial 
samples of dried brewers’ yeast are shown in Table I. In the case 


TABLE I 
Antineuritic Activity of Commercial Samples of Dried Brewers’ Yeast 
Average 
Semple Dose on No.of | puration 
days | used | test Pigeon dur. 
gm. days gm. gm. 
B Apr., 1932 0.3 4 8 -—3 
0.35 3 6 +4 
0.6 4 6 +11 
1.0 3 6 +21 0.32 
H Jan., 1931 0.18 5 8 +9 
0.23 5 8 +3 . 
0.25 5 10 +4 
0.32 5 8 +3 
Jan., 1932 0.30 2 8 +1 
Mar., “ 0.22 5 10 -—2 
0.30 + 10 +9 0.2-0.3 
M Dec., 1931 1.06 12 6 —13.5 
1.9 12 9 +0.5 
Jan., 1932 1.0 3 8 —14.0} 1.9 
N — ~ 1.0 4 8 +3 1.0 
1931 0.4 5 6 —6 
Nov., “ 0.8 8 10 —6 
a, * 0.8 8 10 —2.5 
Jan., 1932 0.9 8 8 +8 
1.0 3 8 —4 
1.0 4 8 —2.5| 1.0 


of at least one of these samples, designated Sample M, the yeast 
was stated to have been grown with aeration, in a wort interme- 
diate between a real beer-wort and bakers’ yeast wort. The 
resulting yeast was dehydrated almost instantaneously by a process 
of spray drying. It is possible that, due to the very rapid growth 


1 I am indebted to Dr. Victor Birckner of this laboratory for aid in mak- 
ing these and the other pigeon feeding tests referred to in this paper. 
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induced by aeration, less vitamin is produced by the yeast cells 
than when they grow slowly in the rich beer-wort of the brewery. 

Laboratory-Dried Brewers’ Yeast—For many years it has been 
possible to obtain fresh yeast from a brewery near this laboratory. 
The beer is produced in the usual manner but its alcohol content 
is reduced to the legal limit before being sold. The yeast as 
removed from the bottom of the vats is brought to the laboratory 
and the excess of beer expressed by means of a hydraulic press. 
The cake is then crumbled and spread out in a thin layer before 
an electric fan and the moisture thus rapidly evaporated. The 
resulting air-dry yeast is ground in a mill to pass a 60 mesh screen. 
The date of preparation and protective dose of a series of such 
samples is shown in Table II. 

The summary of the results given at the bottom of Table II 
shows that approximately 0.3 gm. doses protect pigeons on an 
exclusive diet of polished rice from loss in weight for a period of 
8 days. Smaller doses in practically all cases fail to prevent 
appreciable loss in weight. 

Of the older samples shown in Table II, two were retested after 
6 and 3 years, respectively. In both cases a loss of some two- 
thirds of the vitamin had occurred, thus showing that samples of 
dry yeast are subject to deterioration on long keeping. 

Extraction of Dried Yeast by Percolation—Several kilos of dry 
yeast were prepared as described above and well mixed (Sample 
31.109). 200 gm. portions of this were moistened with about 100 
ec. of the solvent and the damp mixture added in small portions to 
a glass percolator and tamped down. Enough solvent was poured 
on until the liquid just began to percolate. The pinch-cock was 
then closed and the mixture allowed to stand until the next day. 
The rate of flow was adjusted by the pinch-cock so that not more 
than 200 ce. of percolate was obtained perhour. A total of 1000 cc. 
of solvent was used in each case. The main portion percolated in 
4 to 6 hours and the remainder drained through overnight. In a 
few cases the percolation proceeded so slowly that a much longer 
time was required. In some cases a precipitate separated from 
the percolate and this was removed by filtration. Except for 
these unavoidable differences and that due to variation in com- 
position of the solvents, all other conditions of the percolations 
were identical. Solvents containing more than 50 per cent water 
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Antineuritic Activity of Samples of Dried Yeast Prepared in the Laboratory 


TABLE II 


from Fresh Brewers’ Yeast 


Average 
change in 
| Sample No. | Date ot tex | altrnate | | Duration) weit 
test ported 
gm. days gm. 
Dec., 1924| 23.194 Apr., 1925 | 0.30 4 10 +19 
0.10 4 10 -—9 
Oct., 1925 25.65 Feb., 1928; 0.20 3 10 +8 
0.15 4 8 —29 
Mar., 1929; 0.20 4 10 —6.5 
Feb., 1932 | 0.30 3 6 —24 
1.00 4 8 +22 
1927 Goldberger | Jan., 1928 | 0.15 2 8 —16 
0.20 4 10 —12 
Oct., 1928 27.40 Oct., “ 0.20 5 8 —6 
0.30 5 8 —2 
Mar., 1929| 0.30 4 10 -2 
27.40-A 0.20 4 10 +2 
Feb., 1932 0.50 3 8 -3 
«1930 30.0 1981; 0.23 5 14 —14.6 
0.27 5 10 —3.2 
0.27 5 10 —9.2 
0.37 5 8 +12.8 
0.34 5 12 —5.6 
Jan., 1931 30.39 Jan., 1931 | 0.24 5 6 -—4 
0.21 5 8 -1 
0.14 5 6 —15 
1933 31.109 1982 0.2 3 8 —6 
0.3 4 8 -3 
Feb., “ 0.2 3 8 —12 
0.3 4 8 +3 
in. * 0.3 5 8 —5 
Summary* 
Dose Average weight change gee 
gm. gm. gm. 
0.10-0.15 —9, —29, —16,—15 -17 
0.20-0.25 +8, —6.5, —12, —6, +2, 
—14.6,—1,—6,—12, 
—3.2,—9.2,—4 —5.4 
0.30 (+19), —2, —2,—3,+3,—5 —2.0 
0.34-0.37 —5.6,+12.8 +3.6 


The figure in parentheses was not included in the general average. 
* 1932 determinations on Samples 25.65 and 27.40-A are omitted. 


198 


| 
= 


A. Seidell 199 


could not be used since the swelling of the yeast prevented 
percolation. 

The total solids in the percolates were determined by evaporat- 
ing 5 or 10 ce. portions in a glass dish, drying the residues at 100°, 
and weighing. The extracted yeast was removed from the per- 
colator and dried before an electric fan. The thoroughness of 
the drying varied somewhat and the totals of dissolved solids plus 
dried yeast do not always correspond to the weight of the original 
sample taken. 

The activity of both the percolate and of the air-dried extracted 
yeast was determined by feeding tests on pigeons in which these 
samples were the sole supplement to polished rice. The dried 
yeast was administered as such in gelatin capsules. 100 cc. of 
each percolate were evaporated with 10 gm. of fullers’ earth and 
the residue dried in a vacuum desiccator. This solid powder was 
administered in gelatin capsules. The tests were repeated until 
the alternate day dose which just prevented loss in weight was 
found. Although polished rice is not a complete food, experience, 
extending over many years, has shown that adult pigeons receiving 
only polished rice and highly purified antineuritic vitamin concen- 
trates remain in a healthy condition and with relatively slight 
weight variations for longer than a year. Under such conditions 
the comparative antineuritic vitamin content of unknown samples 
can be estimated with satisfactory precision in practically all cases. 
No evidence has so far been presented which shows that a more 
complete basal diet than polished rice improves the accuracy of 
tests for antineuritic vitamin made with pigeons. 

The results of these tests are expressed in terms of units of 
vitamin. The unit is the quantity which just prevents loss in 
weight of pigeons during the test period on an exclusive diet of 
polished rice. When 1.0 gm. doses of the extracted air-dried yeast 
were found sufficient then the number of gm. of sample corre- 
sponded directly with the number of units. When 2 gm. doses 
were required then the number of gm. corresponded to only one- 
half as many units. The number of units of vitamin in the per- 
colates was calculated by a similar procedure. As will be seen 
in Table II, 0.3 gm. doses of Sample 31.109 which was used for 
all the percolation experiments did not prevent a very slight 
decline in weight. If 0.33 is taken as the protective dose, then 
200 gm. of this yeast contain 200 + 0.33 = 606 units. 
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An examination of the results in Table III shows that the total 
of the vitamin units in the percolate and the extracted yeast was 
usually just under 600. With one exception, the amount of solids 
in the percolates varied between 10 and 18 per cent of the weight 
of the original dried yeast. As previously mentioned, when fresh 
yeast is heated with water the dissolved solids, calculated to the 


TABLE III 
Extraction of Dry Yeast by Percolation 
200 gm. of yeast Sample 31.109 containing approximately 600 vitamin 
units were percolated with 1000 cc. of solvent. 


Vitamin B; 
units in 
Composition of solvent a 
vol. per cent cc. | gm. | gm. 
1 95 CH,OH + 5 concentrated H 770 | 36.8) 168 | 462 | 93 
2 95 C.H,OH + 5 ad - 790 | 24.7) 181 | 308 | 302 
3 70 CH,OH + 30 H,O 800 | 24.1] 176 | 448 | 135 
4 70 C.H;,;OH+ 30 “ 830 | 21.1) 179 | 474 | 112 
5 So + 50 “ 770 | 29.5) 173 | 508 | 70 
6 70 acetone + 30 “ 785 | 12.3) 190 | 412 | 190 
7 Bes +50 “ 785 | 26.0) 169 | 475 | 130 
8 50 CH,OH + 50 “ 760 | 25.8) 173 | 460 | 133 
9 70 acetone + 27 “ + 3 concen- | 825 | 30.6) 173 | 515 | 86 
trated HCl 
10 70 CH,OH + 27 H.O + 3 concen- | 755 | 36.9) 163 | 513 | 46 
trated HCl 
1l 70 C.H,OH + 27 H.O + 3 concen- | 775 | 36.0) 166 | 523 61 
trated HCl 
12*| 70 acetone + 29 H,O + 1 concen- | 575 | 17.0 598 
trated HCl 965 | 14.0) 215 | 122 | 43 


* In Experiment 12, 250 gm. of yeast and 2000 cc. of solvent were used, 
and the percolation was made in two stages. 


dry basis, correspond to approximately 20 per cent. Hence, with 
most of the present solvents a considerable reduction in the 
amount of material removed together with the antineuritic vitamin 
of the yeast has not been accomplished. It is also seen that in 
general the number of units of vitamin runs parallel with the per- 
centage of the dry yeast extracted by the solvent. 
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For the purpose of showing more clearly the comparative 
extracting efficiency of the several solvents the data in Table III 
have been recalculated and rearranged as shown in Table IV. 

In Table IV the percentage of yeast solids was calculated by 
dividing by 2 the results in the fourth column of Table ITI, showing 
the solids in the percolates obtained from 200 gm. portions of the 
dry yeast. 

The vitamin units were calculated from the sixth column of 
Table III, showing the total units of vitamin found in the several 
percolates. These divided by 600, the estimated number of units 
in the 200 gm. of yeast extracted, give the percentage of the total 
vitamin contained in the percolate. 


TABLE IV 
Comparative Extracting Efficiency of Solvents of Different Compositions 
(Calculated from Table ITI) 


Concentration of solvent CH;OH C:H.OH Acetone 
Yeast | Vitamin| Yeast | Vitamin| Yeast | Vitamin 
solids units solids units solids units 
vol. per cent 
95 + 5 concentrated H 18.4 77 12.3 51 
70+ 3 18.4 86 18.0 87 15.3 86 
+ 27 H,O 
70 + 30 H,O 12.0 75 10.5 79 6.2 69 
50+ 50 “ 12.9 77 14.7 85 13.0 79 
DISCUSSION 


In general it will be notéd that at equivalent concentrations the 
three solvents extract nearly equal percentages of yeast solids and 
of vitamin units. Neither, therefore, possesses distinct advantages 
over the others. Acetone removes slightly less of the solids but 
the difference, except at the 70 per cent level, is not of importance. 
Furthermore, at this concentration the percentage of the vitamin 
units removed is lowest, and the reduction in solids is obtained 
only at the expense of vitamin units. 

It is probable that in each case it is the water which is the active 
extracting agent and the organic solvent in the mixture serves 
principally to prevent hydration and softening of the yeast. It 
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is, therefore, simply a question of choosing the concentration at 
which the maximum dissolving power of the water is obtained 
without too greatly impairing the dehydrating action of the organic 
solvent. 

Although hydrochloric acid increases the amount of vitamin 
extracted it exerts an even greater solvent action upon the other 
constituents of the yeast. The dissolved solids increase more 
rapidly than vitamin units when hydrochloric acid is present in 
the solvent. At the 70 per cent level the addition of 3 per cent 
hydrochloric acid causes an increase both in solids and in vitamin 
units greater than that resulting from the 20 per cent additional 
water present in the three solvents at the 50 per cent level. Thus, 
a more pronounced dissolving action is obtained by a small addi- 
tion of hydrochloric acid than by a much larger increase in the 
amount of water in the solvent. 

It will also be observed that even with pure methyl and ethyl 
alcohols, which extract practically no vitamin from dry yeast, 
hydrochloric acid imparts to these solvents a very considerable 
extracting effect. In the case of methyl alcohol 5 per cent hydro- 
chloric acid exerts an effect upon the amount of vitamin removed 
equal to that resulting from the presence of 50 per cent of water 
in this solvent. The addition of hydrochloric acid to pure ethyl 
alcohol does not have an equally favorable influence. At the 70 
per cent level the presence of 3 per cent hydrochloric acid imparts 
to the three solvents a nearly equivalent extracting power. 

It is apparent from these experiments that the addition of a 
small amount of hydrochloric acid to these solvents has an espe- 
cially favorable influence upon the amount of vitamin extracted 
from the yeast. It is, of course, a question whether the advantage 
resulting from an increase of vitamin by means of acid may not be 
offset by the simultaneous increase in non-vitamin solids, which 
must be subsequently removed in processes designed for the isola- 
tion of the vitamin. This is a point which can be settled only by 
extended experience. The value of the present experiments lies 
principally in furnishing helpful indications to those endeavoring 
to prepare vitamin concentrates useful as such or as an intermedi- 
ary stage in the isolation of the antineuritic vitamin itself. 
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SUMMARY 


Commercial dried brewers’ yeasts may vary by as much as 10 
times in their content of antineuritic vitamin. It is probable 
that those produced by rapid growth under aeration have the 
lowest vitamin content. The antineuritic activity of dry yeast 
diminishes slowly on keeping. 

On extracting dried brewers’ yeast with solvents containing 
more than 50 per cent of methyl alcohol, ethyl alcohol, or acetone, 
the quantity of solids and of antineuritic vitamin removed depends 
principally upon the concentration and not the particular solvent 
employed. The water present in each mixture seems to be the 
active extracting agent and the organic constituent simply pre- 
vents hydration and softening of the yeast. The optimum con- 
centration is that which permits maximum dissolving power of 
the water without diminishing too greatly the dehydrating action 
of the organic solvent. 

The addition of hydrochloric acid to the solvent results in an 
increase of vitamin and an even greater increase in the extracted 
yeast solids other than vitamin. An increase in the yield of vita- 
min obtainable from dry yeast can be effected only at the expense 
of quality of the extract obtained. The composition of the solvent 
must be chosen on the basis of the quantity and quality of the final 
product desired. It is probable that a solvent composed of.70 
per cent methyl alcohol, ethyl alcohol, or acetone, acidified with 
1 per cent hydrochloric acid will usually be found mast ad- 
vantageous. 

Complete extraction of the vitamin from dried yeast pannot 
be effected without simultaneously dissolving nearly as much of 
the yeast solids as is dissolved by water alone (about 20 per cent). 
However, with 70 per cent ethyl alcohol approximately 80 per 
cent of the vitamin is extracted and only 10 per cent of the yeast 
solids. Such an extract should therefore yield a fullers’ earth 
adsorption product containing a smaller amount of coadsorbed 
material than one prepared from an aqueous extract of yeast. 
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A BICOLORIMETRIC METHOD FOR THE DETERMI- 
NATION OF METHEMOGLOBIN 


By BYRON B. CLARK anp R. B. GIBSON 


(From the Pathological Chemistry Laboratory, State University of Iowa, Iowa 
City) 


(Received for publication, December 29, 1932) 


All of the methods for the quantitative estimation of methemo- 
globin are based upon indirect determination by the difference 
between total hemoglobin and active hemoglobin; and differ only 
in the manner of determining these two factors. 

Apparently the first quantitative method was that of Barcroft 
and Miiller (1) who determined total hemoglobin colorimetrically 
as methemoglobin, and active hemoglobin by oxygen capacity. 
Stadie (2) modified this method by determining total hemoglobin 
colorimetrically as cyanide hemoglobin. Nicloux and Fontes (3) 
determined methemoglobin by the difference in carbon monoxide 
capacity before and after treatment of the blood with ammoniacal 
hydrosulfite; while Conant and Fieser (4) used the difference in 
oxygen capacity before and after treatment of the blood with 
sodium anthrahydroquinone-§-sulfonate. The latter procedure 
was modified by Conant, Scott, and Douglass (5) who used tita- 
nous tartrate as the reducing agent. Van Slyke (6) and Van Slyke 
and Hiller (7) adapted the method of Nicloux to manometric 
measurement. 

The presence of the methemoglobin spectrum is the only qualita- 
tive test of significance, and its value is limited by the fact that 
it is uncertain when less than 25 per cent of methemoglobin is 
present (8). 

The literature does not contain an entirely colorimetric method 
for the estimation of methemoglobin. Stadie (2) attempted to 
convert methemoglobin into a colored compound suitable for 
comparison but was unsuccessful. 

A bicolorimetric method for the determination of methemo- 
globin is proposed. Samples of blood are diluted 1:100. - Two 
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standards are prepared: one composed of carboxyhemoglobin, and 
the other of methemoglobin. The methemoglobin standard is pre- 
pared by treating the diluted blood with freshly prepared potas- 
sium ferricyanide solution. The carboxyhemoglobin standard is 
prepared by treating the blood with an ammoniacal solution of 
sodium hydrosulfite and carbon monoxide (6); any methemoglobin 
present is converted to carboxyhemoglobin by this procedure. 
The unknown is saturated with carbon monoxide. Comparison is 
made in a Hastings bicolorimeter (Bausch and Lomb). 

For comparison, methemoglobin was determined by the differ- 
ence between total hemoglobin as estimated from the iron content 
(9) and active hemoglobin as determined by oxygen capacity. 


Method 
Preparation of Solutions for Comparison 


Unknown—Place 9.9 cc. of water in a test-tube or 15 ce. centri- 
fuge tube and discharge 0.1 cc. of blood into the water. Mix 
and saturate with carbon monoxide gas. 

Methemoglobin Standard—Place 9.8 cc. of water in a test-tube or 
15 ce. centrifuge tube and discharge 0.1 cc. of blood into the water. 
Mix and add 0.1 cc. of a fresh 5 per cent solution of potassium 
ferricyanide. Mix and let stand several minutes until the color of 
the solution has changed from red to brown. No hemoglobin or 
oxyhemoglobin spectrum should be present. The solution is then 
saturated with carbon monoxide gas. 

Carboxyhemoglobin Standard—Place 19.6 cc. of water in a test- 
tube (or use half portions in two 15 cc. centrifuge tubes) and dis- 
charge 0.2 cc. of blood into the water. Mix and add 0.2 ce. of an 
ammoniacal solution of sodium hydrosulfite; mix again and 
saturate with carbon monoxide gas. All of the tubes are then 
centrifuged for a few minutes. 

Reading and Calculation—10 cc. of the carboxyhemoglobin 
standard are placed in each of the lower large cups and racked to 10 
mm. The light is then adjusted so that both fields are identical. 
The cups are racked down to the bottom. The left-hand upper 
cup is filled with the methemoglobin standard, and racked to 0 mm. 
The unknown is placed in the right-hand upper cup and racked to 
10 mm. The lower cups are then racked to 10 mm. The left- 
hand upper cup is racked up and down until the two fields match. 
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The reading in mm. multiplied by 10 will be the per cent of methe- 
moglobin present. 

Reagents 

1. A fresh 5 per cent solution of potassium ferricyanide. 

2. Ammoniacal solution of sodium hydrosulfite. 50 cc. of diluted 
(1:50) ammonia solution are poured upon 2.0 gm. of pulverized 


TABLE I 
Comparison of Values Obtained for Methemoglobin As Determined by Bicolori- 
metric Method and by Difference between Total Hemoglobin by Iron 
Content and Active Hemoglobin by Oxygen Capacity 


Methemoglobin 

Total Hb minus active Hb method Difference Methemoglobin 

Total Hb by | Active Hb by| Methemo- method 

Fe content O: capacity globin 

gm. per 100 cc. | gm. per 100 cc per cent per cent 
13.50 13.48 0.14 0.00 —0.14 Absent 
21.40 20.90 2.34 3.00 +0.66 - 
21.40 20.18 5.66 6.72 +1.06 * 
21.40 20.00 6.56 8.60 +2.04 “4 
15.47 14.21 8.15 8.71 +0.56 ¥4 
13.50 12.05 10.75 11.80 +1.10 “ 
13.70 11.30 17.50 15.50 —2.00 * 
13.50 10.98 18.70 17.00 —1.70 Doubtful 
13.70 10.90 20.40 19.10 —1.30 Present 
13.50 10.00 26.00 27.30 +1.20 ™ 
13.50 8.84 34.60 35.80 +1.20 * 
14.40 6.78 53.00 56.80 +3.80 = 
14.40 4.81 66.50 65.40 —1.10 
13.50 2.23 83.50 83.70 +0.20 Pi 


Na,S,0, contained in a 100 cc: beaker and covered at once with a 
layer of paraffin oil. The hydrosulfite is dissolved by stirring 
with a glass rod for a few seconds. Commercial hydrosulfite 
contains some insoluble impurity. 

3. Carbon monoxide gas. Illuminating gas may be used, but 
if desired pure carbon monoxide may be prepared according to 
Van Slyke and Hiller (10). 


EXPERIMENTAL 


About 20 cc. amounts of human blood were drawn and oxalated. 
Hemoglobin iron, oxygen capacity, and bicolorimetric methemo- 
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globin determinations were made. About 0.05 cc. of aniline was 
added to 15 ec. of this blood (11), the flask loosely stoppered with 
gauze, and placed in an incubator at 37° and 100 per cent humidity. 
Samples were removed at intervals and oxygen capacity and 
bicolorimetric methemoglobin determinations were made as 
nearly simultaneously as possible. A comparison of the results 
obtained is given in Table I. 


DISCUSSION 


Colorimetric comparison is relatively easy since good contrast 
is obtained between the bright red color of carboxyhemoglobin 
and the brown color of methemoglobin. The chief difficulty to be 
encountered in matching the colors is a slight turbidity which 
sometimes develops, particularly with high concentrations of 
methemoglobin. This is easily remedied, however, by centrifug- 
ing all of the solutions before making comparison. For this 
reason the solutions are usually prepared in 15 cc. centrifuge tubes. 

Carboxyhemoglobin if present cannot interfere with the 
determination. 

Total methemoglobin may be estimated by multiplying ‘the 
value for total hemoglobin by the per cent of methemoglobin. 

The method is well adapted for finger tip blood. 


SUMMARY 


A simple accurate bicolorimetric method for the direct determi- 
nation of methemoglobin is presented. 
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VITAMIN D AND THE CONSERVATION OF CALCIUM IN 
THE ADULT 


Il. THE EFFECT OF VITAMIN D ON CALCIUM CONSERVATION 
IN ADULT RATS MAINTAINED ON LOW CALCIUM DIETS* 


By VERA M. TEMPLINt ann H. STEENBOCK 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, January 6, 1933) 


INTRODUCTION 


In a previous publication (1) from this laboratory on the relation 
of vitamin D to the conservation of calcium in the adult, data were 
presented on the results of feeding a high calcium-low phosphorus 
rachitogenic ration with and without additional vitamin D to 
male and female rats. With the addition of vitamin D the loss 
of mineral elements from the skeleton was reduced but not pre- 
vented. Results were also reported on the mineral metabolism of 
female rats subjected to the demands of pregnancy and lactation 
when maintained on a normal stock diet with vitamin D supple- 
ments. On this ration vitamin D was also unable to prevent cal- 
cium losses completely. In the present paper we are reporting 
results obtained with adult rats kept on a ration low in calcium 
and phosphorus with and without vitamin D supplements as used 
in the previous series. 


EXPERIMENTAL 


Three rations were used in these experiments. Ration R-34 was 
a non-irradiated low calcium ration consisting of yellow corn 79 
parts, wheat gluten 20, and sodium chloride 1. Analysis revealed 
that it contained 0.058 per cent calcium and 0.28 per cent phos- 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

+t Quaker Oats Fellow. We wish to express our appreciation to The 
Quaker Oats Company whose financial support made this research possible. 
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phorus. Ration R-35 was a duplicate of the preceding ration 
except for the fact that vitamin D had been synthesized therein 
by exposure to ultra-violet radiations. The third, Ration R-36, 
which served as a normal control ration, was composed of two- 
thirds stock Ration 14 (2), and one-third whole milk powder. It 
contained 0.56 per cent calcium and 0.58 per cent phosphorus. To 
insure uniformity of the rations, supplies of the various ingredients 
were reserved in amounts sufficient for the entire experimental 
period. The whole milk powder was a commercial product 
(Klim). The butter fat was prepared from butter obtained from 
the University creamery. It was added weekly to the other 
ingredients of the ration. For the synthesis of vitamin D, 200 
gm. quantities of the low calcium ration were spread out in pans 2 
feet square and irradiated at a distance of 18 inches from an Alpine 
Sun lamp. The exposure was continued for 30 minutes, the ration 
being stirred once after 15 minutes treatment. When tested for 
vitamin D by the line test method it was found to contain not less 
than 1 Steenbock rat unit (3) in 2 gm. 

To insure uniformity of experimental animals, forty female rats 
raised in our stock colony and ranging in age from 21 to 25 weeks 
and from 203 to 276 gm. in weight were divided into four groups as 
nearly equal in range of weight and average weight as possible 
(Table I). One group was killed at the beginning of the experi- 
ment for tissue analysis. The others were started on their 
individual rations. They were confined in cages provided with 
floors of wire screen measuring 2 meshes to the inch. For the 
first 10 weeks two or three animals were caged together, but for 
the remainder of the experimental period which lasted 29 to 30 
weeks in all, each rat was kept in an individual cage. Both rations 
and distilled water were fed ad libitum. The animals were weighed 
weekly, and vaginal smears were examined daily for the last 17 
days of the experiment. At the close of the experiment the 
femurs were excised, measured, and analyzed for ash. Blood 
serum was analyzed for calcium and inorganic phosphorus. The 
parathyroids were sectioned and examined histologically, and the 
incisor teeth were kept for analysis. The results on the latter will 
be reported in a separate publication. 

The general appearance and behavior of the rats showed no 
significant variation from the normal until the 10th week. They 
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then became very restless and pulled hair from each other: This 
necessitated their transfer to individual cages. Thereafter they 
were somewhat less restless. By the 15th week pronounced 
differences in the three groups became evident. On the non- 
irradiated low calcium ration the rats had a tendency to nibble at 
any object which might be brought near the open cage. Their 
musculature became very tense as they clung to the screen with 
their claws when attempts were made to pick them up. This 
hypertonic condition remained essentially unchanged throughout 
the experiment. Tetany was at no time observed. However, the 
animals became somewhat emaciated and senile in appearance 


TABLE I 
Weight of Animals* 


Initial weight Maximum weight Final weight 
Ration No. 
gm. |gm.| gm. gm. gm. | gm. 
R-33, initial control... .. 203-276) 238) 
R-34, low calcium, non- 
205-244| 224/210-245| 2-12) 228) 8 |150-210) 178 
R-35, low calcium, 
209-270} 238/225-277| 3-27| 245) 11 |197-252| 223 
R-36, final control....... 210-264) 229/225-292) 15-29) 261) 25 |220-292) 256 


* There were ten rats in each group. 


although their fur was quite smooth. Apparently the condition 
was quite like that described by Simmonds (4). The rats on the 
irradiated low calcium diet did not become so emaciated and did 
not exhibit the muscular tenseness at any time. Those on the 
normal control ration remained normal in all respects. 

Although the ranges in weights of individual rats and the group 
averages were quite uniform at the initiation of the experiment, 
divergencies soon appeared (Table I). On the non-irradiated low 
calcium ration the rats maintained their weights only until about 
the 8th week. On the irradiated low calcium ration they succeeded 
in making slight gains until about the 11th week, after which there 
was a gradual decline. Some of these rats did not reach their 


212 Vitamin D and Calcium in Adult. II 


maximum weight until the 27th week, whereas others passed their 
peak on the 3rd week. In terms of averages, at the close of the 
experiment the animals on the non-irradiated ration had lost 46 
gm., those on the irradiated ration had lost 15 gm., and those on the 
control ration had gained 27 gm. 

Irradiation of the ration did not result in completely protecting 
the rats from loss of mineral elements, as was revealed by analysis 
of the femurs (Table II). For the analysis the femurs were dis- 
sected free from soft tissue and then extracted in a Soxhlet extrac- 


TABLE II 
Analyses of Femurs* 
R-33, initial control...|3.27— |3.43/0.365— |0.4415|0.234— |0.2865/64.1- on 
2.67 0.523 0.343 65.3) 
R-34, low calcium, non- om 
irradiated. ......... 3.37- |3.48/0.289- .145- |0.1746|45.6- [54.1 
3.55 0.345 0.194 57.5 
R-35, low calcium, 
irradiated. ......... 3.40- |3. .864- (0.4057/0.211- (0.2323/53.7- |57.4 
3.71 0.465 0.259) 61.3 
R-36, final control... .|3.47- |3. .446— |0.5032/0.283— |0.3228/63.1- |64.1 
3.70 0.546 0.359 65.6 


* There were ten rats in each group. 


tor with 95 per cent alcohol for 5 days. One femur of each rat was 
then ashed in a muffle furnace brought to a bright red heat. The 
non-irradiated ration produced femurs containing 54.1 per cent 
ash, the irradiated ration 57.4 per cent, and the initial and final 
controls 64.9 and 64.1 per cent respectively. One rat on the non- 
irradiated ration had a femur ash content 5.7 per cent below any 
other animal in the group. When this value was omitted from the 
group average, there was obtained the value of 55.0 per cent. 
This, it will be noted, was still below the average of the group 
receiving the irradiated ration. 
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The values obtained for the weight of the extracted femurs and 
absolute weights of ash are even more striking. For the non- 
irradiated ration these were 0.3228 and 0.1746 gm. respectively, 
and for the irradiated 0.4057 and 0.2323 gm. An increase in the 
weight of the femurs of the final controls over that observed in 
the initial controls, namely 0.5023 gm. as compared with 0.4415 
gm., indicated that some growth was to have been expected. This 
was also borne out by measurements made of the length of the 
femurs. They were measured with a steel scale equipped with a 
vernier. The femurs of the initial controls averaged 3.43 cm. in 
length, and the final controls 3.60 cm. Femurs from the low 
calcium rations fell between these two extremes. They measured 
respectively 3.48 and 3.46 cm. 

As already stated, samples of blood serum were obtained for 
analysis at the close of the experiment. Each rat, with the 
exception of a few which had contracted some respiratory infection, 
was placed under light ether anesthesia and bled from a carotid 
artery into a centrifuge tube. The tube was placed immediately 
in an ice bath and kept in a refrigerator overnight. The contents 
were then centrifuged to facilitate the separation of serum. The 
serum was analyzed for inorganic calcium and phosphorus. For 
this purpose it was first freed from protein by precipitation with 
trichloroacetic acid in the usual manner. Phosphorus was 
determined by the method of Fiske and Subbarow (5), and cal- 
cium was determined by a micro-McCrudden method (6). 

The data on serum calcium and inorganic phosphorus are given 
in Table III. The serum calcium of the normal animals killed at 
the beginning and at the close of the experiment was nearly 
identical; namely, 11.7 and. 11.9 mg. per 100 cc. On the non- 
irradiated ration this value had been depressed to 7.5 mg. while 
irradiation of the ration raised it to 10.9 mg. It is evident, there- 
fore, that irradiation of the ration caused an increase in the calcium 
content, but it was not able to bring it up to the normal level. 

Observations on the parathyroids were included in our experi- 
mental plan because it is well known that these organs are exceed- 
ingly sensitive to disturbed calcium relations. Although these 
glands in the rat are exceedingly small, gross observation revealed 
a definite enlargement on the non-irradiated low calcium ration as 
compared with the control. This was confirmed by histological 
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examination of serial sections 7u in thickness stained with hema- 
toxylin and eosin after fixing in Bouin’s solution. The volume of 
each gland studied was calculated by use of a formula for calculat- 
ing the volume of an ellipsoid; viz., volume = 4/3 x abc. In this 
formula, a, b, and c are the half axes of the spheroid. The lengths 
of two axes, namely a and b, were determined by direct measure- 
ment of the median section. The third axis, c, was calculated 
from the number and thickness of the sections obtained. 

The technique as outlined was used on three rats from the 
non-irradiated low calcium ration and five rats from each of the 
other rations. The average diameter of glands on the normal 
control ration was found to be 570 XK 732 X 895 yu, on the non- 


TABLE III 
Blood Analyses* 
Ca in 100 cc. serum 
Ration No. 
A A 

mg. mg. mg. mg. 

R-38, initial control.................... 10.0-12.8) 11.7 | 6.2-7.6) 6.6 
R-34, low calcium, non-irradiated. ...... 4.8-9.8) 7.5 | 4.8-7.2) 6.0 
R-35, low calcium, irradiated........... 8.0-12.8) 10.9 | 4.1-7.2| 6.0 
R-36, final control...................... 7.4-17.5} 11.9 | 3.8-6.9| 5.3 


* There were ten rats in each group. 


irradiated low calcium ration 864 X 1002 X 1133 yu, and on the 
irradiated low calcium ration 649 X 793 X 1026 u. This gave 
them volumes of 0.20, 0.51, and 0.28 c.mm. respectively. These 
data again bring out the fact that the disturbing effect of a low 
calcium diet was not completely corrected by the inclusion of 
additional amounts of vitamin D as provided by irradiation of the 
ration. It should, however, be stated that the structure of all 
glands appeared essentially normal. In general our observations 
paralleled those made by Luce (7) whose technique we used in its 
essential features. 

Definite alterations in the frequency of estrus were observed 
by the vaginal smear technique during the last 17 days of the 
experiment. The technique used was that described by Long and 
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Evans (8). While the ten rats on the non-irradiated ration gave 
only a definite picture of diestrum, six of those on the irradiated 
ration revealed estrus from two to three times, and only four rats 
maintained themselves continuously in diestrum. On the control 
ration two rats showed a persistence of cornified cells, two went 
through two complete cycles, one had three cycles, and five had 
four cycles. From these facts it is evident that irradiation of the 
diet had a favorable effect upon estrus. 


SUMMARY 


Adult female rats were subjected to extensive calcium depriva- 
tion for a period of nearly 8 months, during which time they 
received a ration containing an unusually small amount of calcium, 
viz. 0.058 per cent, and no vitamin D. The general appearance of 
the animals at the end of the experiment suggested a prematurely 
attained senile condition accompanied by considerable loss in 
weight. Yet when the nature of the diet is taken into considera- 
tion, they maintained themselves in a surprisingly good condition. 
The blood calcium was somewhat reduced in amount but at no 
time was tetany observed. However, a hypertonic condition of 
the muscles was a constant symptom after the 15th week. The 
femurs suffered a 10 per cent reduction inash. Such depletion of 
the skeleton has been noted by previous investigators, particulariy 
in the presence of growth or reproduction. But the heavy loss 
here observed was incurred under maintenance demands imposed 
upon the adult animal over a long period of time. 

The introduction of moderate amounts of vitamin D into the 
calcium-deficient ration provided considerable protection from 
mineral losses in a parallel series of rats. Only about 6.5 per cent 
of ash was lost from the femurs. These losses present considerable 
improvement over the 10 per cent losses experienced in the absence 
of such supplementation. 

The condition of the rats was otherwise improved by the pres- 
ence of vitamin D. Weight losses were greatly reduced, the 
calcium content of the blood serum was increased, and the para- 
thyroids were maintained almost normal in size. 

The results of these experiments, taken in conjunction with 
those previously reported, show the value of vitamin D as a food 
constituent for the adult. When administered in moderate 


216 Vitamin D and Calcium in Adult. II 


amounts in connection with either a high calcium-low phosphorus 
rachitogenic ration or a low calcium-low phosphorus ration, calcium 
and phosphorus are conserved to a remarkable degree. But, of 
course, it is unwarranted to expect that vitamin D administered in 
any amount should be able to compensate fully for an extreme lack 
of calcium or other dietary essentials. Inasmuch as our basal 
diet was not optimal with respect to protein or phosphorus content, 
it is possible that the favorable effects of vitamin D on calcium 
conservation might have been accentuated if the diet had been 


improved in these respects also. 


We wish to express our appreciation to Dr. Hazel Hauck for 
assistance in the preparation of the histological data, and to James 
T. Lowe for chemical analyses. 
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VITAMIN D AND THE CONSERVATION OF CALCIUM IN 
THE ADULT 


III. THE EFFECT OF VITAMIN D ON THE TEETH OF RATS* 


By VERA M. TEMPLIN{ ann H. STEENBOCK 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, January 9, 1933) 


In spite of the fact that from earliest antiquity we have evidence 
of pathological changes in the teeth, data on variations in chemical 
composition are very limited. Outside of scattered references in 
various texts, the earliest data usable for our purpose date back 
only a few decades. 

In 1906 Hinkins (1) analyzed the dentin and enamel of human 
teeth dried at 100°. The dried dentin was found to contain 71.3 
per cent ash and the enamel 94.3 per cent. The calcium content 
was found to be 26.9 and 36.3 per cent respectively. Ulrich (2) 
found that the calcium oxide content of normal human teeth 
ranged from 50.8 to 55.0 per cent. Gassmann’s data (3) reveal a 
higher ash content in human wisdom teeth than in the others. 
The former contained 81.5 per cent ash while the latter ranged all 
the way from 71.2 to 78.5 per cent. It is very probable that some 
of the earliest values were affected by variation in the propor- 
tionate weight of crown to, root. Howe (4) has found a higher 
calcium content in the crown. Kaushansky (5) separated the 
crowns from the roots of normal human teeth and found 31.5 per cent 
calcium in the crowns and 25.3 per cent in the roots. With carious 
teeth the values were 29.7 and 25.5 per cent, and with pyorrhetic 
teeth 30.2 and 25.4 per cent calcium. When analyzed from the 
standpoint of pathology, these figures do not reveal any significant 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

t Quaker Oats Fellow. We wish to express our appreciation to The 
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variations due to disease. Perlzweig (6) in 1916 determined the 
effect of low calcium and low phosphorus diets upon the ash and 
calcium content of dog teeth. Although rickets was observed in 
the animals as a result of feeding these diets for 127 days, the teeth 
were found to contain an average of 76.5 per cent ash and 28.6 
per cent calcium. This compares very favorably with the values 
obtained by Gassmann (3) who reported 74.0 per cent ash and 27.4 
per cent calcium in the teeth of dogs. However, when Perlzweig 
(6) reduced the phosphorus content of a ration to one-half that 
contained in a normal ration, there occurred slight demineraliza- 
tion of the incisors of two puppies in 149 days. Mellanby (7) 
found that a very important factor necessary for the production 
of normal teeth in dogs was vitamin D. However, she reports 
values of calcium oxide ranging from 27.1 to 34.5 per cent of the 
wet weight of teeth which appeared to be entirely normal in 
appearance. Gies, Morgulis, and Perlzweig (8, 9) compared the 
calcium content of the teeth of rats from rachitic and normal 
animals. In the rachitic rats there was found only a slight reduc- 
tion in the calcium content. With rats on a low calcium diet 
Perlzweig (6) found a material reduction in the calcium content. 
Miller and Gies (10) have reported considerable variations in the 
calcium content of incisors of twenty-four young rats on a stock 
ration. The values ranged from 20.8 to 28.5 per cent. It is, 
however, possible that their normal diet was not entirely satis- 
factory. Matsuda (11) found 24.4 per cent calcium in the incisors 
of rats raised to 150 days of age on a varied diet. Toverud (12) 
reported a much greater effect of feeding a diet low in calcium and 
vitamin D upon the bones and upon the teeth of rats. His data 
indicate that in the molars the ash content was decreased 2 per 
cent, in the incisors 3.5 per cent, and in the femurs 13.2 per cent. 

From the foregoing survey it is evident that there are abundant 
opportunities for profitable study of the effect of the diet on the 
chemical composition of the teeth. 


EXPERIMENTAL 


Our experiments on the effect of vitamin D on teeth were carried 
out in two series. Both series were run on adult rats raised in our 
colony on a stock ration which had been used for many years. In 
the first series additional vitamin D was added to a diet which in 
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its essential features consisted of the stock ration. In these 
experiments the rats were subjected to the strain of reproduction 
and lactation to accentuate whatever shortcomings the ration 
might possess. In the second series of experiments the rats were 
put on a low calcium diet. Here there was no necessity for sub- 
jecting the rats to an unusual strain because it was expected that 
they would encounter considerable difficulty in meeting their 
calcium requirements for maintenance on this ration. The two 
series were primarily organized for studying the effect of vitamin D 
on the skeleton. The data on the analysis of the bones have 
already been reported (13, 14). We now wish to report our 
observations on the teeth. 

For the lactation series of experiments the stock diet was 
modified to furnish additional amounts of vitamin B and to keep 
the intake of milk solids constant in proportion to the other 
ingredients. Specifically the diet consisted of the following 
ingredients: yellow corn 137 parts, oil meal 29, crude casein 10, 
alfalfa 4, bone ash 2, sodium chloride 1, dried yeast 9, skim milk 
powder 72, and butter fat 28. When vitamin D was added, it 
was supplied in the form of irradiated dried yeast at a level of 0.5 
per cent of the weight of the ration. As this yeast contained 1 
Steenbock unit of vitamin D per mg., it provided a liberal excess 
of this vitamin. 

The low calcium diet for the maintenance experiments was 
composed of yellow corn 79 parts, wheat gluten 20, and sodium 
chloride 1. Instead of adding vitamin D to the ration in the form 
of irradiated yeast, vitamin D was synthesized in the ration by 
treating it with ultra-violet radiations. This was effected by 
exposing 200 gm. in each of four pans measuring 2 feet square at 18 
inches from an Alpine Sun lamp. The exposure was continued 
for 30 minutes, the contents of the pans being mixed thoroughly 
after the first 15 minutes of treatment. 2 gm. of the ration 
contained approximately 1 rat unit. 

In the lactation series there are reported data on three groups 
of animals. One group was kept as a control without being bred 
and without additions of vitamin D, a second group was bred but 
was not given vitamin D, and a third was bred and was given 
vitamin D as well. The vitamin D, however, was not added to 
the diet until parturition. In the maintenance series there are 
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reported data on three groups of animals. One was kept on the 
stock ration for control purposes, another was given the low cal- 
cium ration non-irradiated, and the third the low calcium ration 
irradiated. 

The animals used for the experiments were raised specifically 
for this purpose. They were all young females which were growing 
actively, having reached a weight of approximately 220 gm. They 
were practically of the same age. Most of the animals on which 
analyses of femurs were reported were used for dental studies. In 
the lactation series there were nine to seventeen rats in each of 
the groups. They weighed from 188 to 247 gm., but they were so 
distributed among the different groups that the average weights 
ranged from 214 to 220 gm. In the maintenance low calcium 
series there were ten animals in each group. The extreme weights 
were 203 to 276 gm., but the average weights in each group ranged 
from 224 to 238 gm. 

In the lactation series the animals were kept on clean pine 
shavings as litter. In the maintenance series they were kept on 
floors composed of wire screen containing 2 meshes to the inch. 
In all cases the rations were fed ad libitum except in the lactation 
series where it was found necessary to feed the females periodically 
during the day in order to prevent the young from eating their 
mothers’ ration. Upon termination of the experiments the car- 
casses from the lactation series were dried at approximately 60° for 
preservation. Later the teeth were carefully dissected out after 
soaking the heads in water. Before analysis they were extracted 
in a Soxhlet extractor for 5 days with 95 per cent alcohol and then 
dried at 100°. In the maintenance series the entire heads were 
preserved in alcohol. From the preserved heads the incisors 
were later dissected out, then extracted with alcohol, and ashed in 
the usual manner. The jaws of two animals from each group were 
reserved for histological examination. 

The results from the lactation series are presented in Table I. 
This also gives the exact number of animals used. Inspection of 
the data reveals a remarkable constancy in the percentage of ash, 
the weight of ash, and the weight of the extracted incisors. These 
range respectively from 72.4 to 73.6 per cent, 234 to 245 mg., and 323 
to 335mg. This stands in marked contrast to the results on the 
femurs already reported. The analyses of these showed a content 
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Analyses of Incisors from Lactation Series with and without Generous 
Amounts of Vitamin D Added to Stock Ration 


Weight of extracted 


Weight of ash* 


Ash* 


ins 


Lactation without 
vitamin D addi- 


ll 


Lactation with vita- 


min D additions. .| 13 


288-0 .355/0.324 


gm. gm. 


0.2940 .383/0.335/0.216-0. 274)0. 


204-0. 261 


per cent 
69.8-75.0 


per 
cent 


73. 


* Upper and lower incisors were analyzed together. 


TABLE II 
Analyses* of Incisors from Low Calcium Maintenance Series with and without 
Vitamin D 
Weight of extracted | Weight of ash Ash 
Upper incisors 
R-34, low calcium, 
non-irradiated. .. . |0.127-0.156/0. 1445/0 .086-0 101/0 .0949/65 2-69 3/66 .6 
R-35, low calcium, 
irradiated. 151-0. 168|0. 1606)72 .8-75.7/73.7 
R-36, final control . 143-0. 179/0. 1569/74.2-76 575.5 
Lower incisors 
R-34, low calcium, 
non-irradiated. . . .|0.123-0.145)0.1 .084-0 .097/0 .0892/64 . 2-69 .3/65.7 
R-35, low calcium, 
irradiated. ....... .161-0.236/0. 1937/0. 116-0. 174/0. 1434/72 .4-76.9)74.0 
R-36, final control . ./0.186-0.218/0. 2011/0. 140-0. 166)0. 1522/74 .4-76.6|75.7 


* The analyses are those of eight rats in each group except for Ration 
R-35 where data on only six are presented. On this ration two of the rats 
had malocclusion of the incisors resulting in excessive wear of the upper 
incisors and lessened wear of the lower. 


« 


i 


q 


222 Vitamin D and Calcium in Adult. III 


of 64.8 per cent ash in the controls, 60.9 per cent after lactation, 
and 61.4 per cent with vitamin D supplementation. It is evident 
from this that the actively growing teeth are far more resistant to 
decalcification than the femurs. Our stock ration apparently was 
too well supplemented with the elements necessary for calcifi¢a- 
tion to allow any possible effect of vitamin D to be demonstrated 
on the teeth. 

Table II, which presents the data on the low calcium mainte- 
nance experiments, reveals entirely different results. In all cases 
the ash analyses of both upper and lower incisors gave results 
surprisingly like those found with the femurs. As presented in 
detail in the previous publication, the femurs of the control animals 
contained 64.1 per cent ash; those of the animal on the low calcium 
non-irradiated ration contained 54.1 per cent and on the low 
calcium irradiated ration 57.4 per cent. For the data on the 
upper incisors, as an example for the purpose of discussion, the 
percentage of ash was 75.5, 66.6, and 73.7 respectively. Both 
the weight of the incisors and the weight of their ash constituents 
were increased by the addition of vitamin D. 

That the teeth varied in composition in the different groups 
was obvious by the appearance of the lower incisors. On the non- 
irradiated low calcium ration the dentin was chalky in appearance 
and the enamel was distinctly yellow. On the irradiated ration 
the dentin was more translucent and the enamel was less highly 
colored. The appearance of the terminal pulp canals also varied. 
Without vitamin D they were incompletely filled with osteodentin. 
With vitamin D they were practically obliterated. On the con- 
trol ration the dentin was definitely translucent and the enamel 
was colored a very light yellow. It should, however, be stated 
that while the appearance of the upper incisors was quite uniform 
throughout all groups, that of the lower incisors varied somewhat 
even in the same groups. 

In general the molars showed fewer differences in appearance 
than the incisors. This probably was to be expected because of 
the well known fact that the molars cease growing early in life 
while the incisors normally continue to grow throughout life at a 
rate said to be approximately 2.5 mm. per week (15). Caries was 
found to occur in practically all the molars, but especially in the 
first two molars of the lower jaw. On the non-irradiated ration 
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caries was found to be present in 73 per cent of the lower molars 
and 6.6 per cent of the upper molars. On the irradiated low 
calcium ration these values were respectively 65.0 per cent and 3.3 
per cent. On the control ration 40 per cent of the lower molars 
was involved, but the upper molars were found to be entirely 
normal. From the above it is seen that the introduction of vita- 
min D into the ration apparently increased the resistance of the 
molars to the incidence of caries, but it is evident that the protec- 
tion was not complete and that even the control stock ration left 
much to be desired. 

The macroscopic and chemical changes in the teeth led us to 
study some of the incisors and molars histologically. They were 
decalcified with 3 per cent nitric acid in 80 per cent alcohol, 
embedded in paraffin, and cut into sections 7 u in thickness. With 
the incisors, the sections were made transversely; with the molars 
they were made longitudinally. They were stained with hema- 
toxylin and eosin. 

Microscopic examination revealed a pronounced improvement 
of dental structure with the irradiation of the ration, but in har- 
mony with the gross appearance and chemical analysis, normal 
structure was not completely obtained. On the non-irradiated 
low calcium ration the calcification of the dentin was markedly 
reduced in density as compared with the normal. Calcification 
had taken place only in the outer one-third or one-half of the 
dentinal matrix. In some sections large uncalcified interglobular 
spaces lay between calcospherites. These were distributed 
throughout the dentin. In other sections a well calcified outer 
band merged into a zone of incompletely calcified interglobular 
spaces; and a wide band bordering the pulp cavity was wholly 
uncalcified. The odontoblasts were loosely packed and irregular 
in orientation. In some sections the odontoblastic layer was 
completely missing. The pulp cavity had a more fibrous appear- 
ance than normal, and the ameloblasts were poorly oriented and 
small in size. 

On the irradiated low calcium ration the histoiogical picture was 
much improved over that described above, but it still was not quite 
normal. About one-half to two-thirds of the dentinal matrix was 
wel] calcified. The calcospherites were more fully fused. The 
odontoblastic layer suffered only occasional interruptions in out- 
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line, while the pulp cavity appeared normal. The ameloblasts 
were somewhat reduced in height from the normal, and there was 
less crowding. 

In general the data on the teeth correspond to those reported 
by other investigators using low calcium rations. They are also 
comparable to those reported by Becks and Ryder (16) on a high 
calcium-low phosphorus rachitogenic ration. 


SUMMARY 


A stock rat ration which was unable to maintain normal ash 
content of bone in female rats during lactation did not lead to 
depletion of minerals in the incisor teeth, and liberal additions of 
vitamin D correspondingly had no effect on the teeth. However, 
a ration low in calcium when fed to adults over a long period of 
time was unable to maintain normal composition of teeth or bone 
even without the strain of reproduction. The sole addition of 
vitamin D resulted in almost complete protection against mineral 
losses, as revealed by analysis for ash and histological examina- 
tion. For complete protection the ration was probably too low 
in calcium. 
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THE DIFFERENTIAL EXTRACTION FROM DRIED 
BREWERS’ YEAST OF THE ANTINEURITIC (VITA- 
MIN B,) AND GROWTH-PROMOTING (VITA- 
MIN B:) VITAMINS AND THEIR BIOLOG- 

ICAL STANDARDIZATION 


WITH A NOTE ON THE RELATION OF HEMIN TO VITAMIN B; 


By MAURICE I. SMITH 


(From the National Institute of Health, United States Public Health Service, 
Washington) 
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Since the demonstration of the dual nature of vitamin B in 
1926 (1, 2) which has been amply confirmed in recent years (3- 
5), there has been no satisfactory method for the separation of the 
heat-labile antineuritic (vitamin B,) from the more heat-stable 
growth-promoting (vitamin B,) component of the vitamin B com- 
plex. There are numerous experiments recorded in the literature 
indicating that at least partial separation of the two vitamins 
might be effected either by differential solubility in certain sol- 
vents or by differential adsorbability on certain adsorbents. 
Actual attempts in this direction made upon material rich in the 
two vitamins, such as yeast, have not met with much success 
(6-11). 

It appears from the foregoing that for practical purposes the 
only reliable source of vitamin B:, nearly if not completely free 
from vitamin B,, is still an autoclaved yeast or yeast extract, as 
first suggested in 1926 (1). To get further information on the 
relation of vitamins B, and B, in the nutrition of the white rat and 
their réle in the production of experimental polyneuritis in this 
animal, it appeared desirable to attempt to obtain a vitamin B, 
fraction by removing intact the vitamin B, component from mate- 
rial containing the complex rather than destroying it by heat as is 
done in the autoclaving process. The advantages of such a pro- 
cedure are too obvious for discussion. The present work deals 
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with the results of such experiments, which aimed at a separation 
of vitamins B, and B, by their differential solubility in certain sol- 
vents. 


Methods 


Dried brewers’ yeast was used as the sole source of the vitamin 
B complex in all this work. The yeast was obtained from a local 
brewery. The bulk of the water having been removed by means 
of a hydraulic press, the expressed yeast was then dried in a cur- 
rent of warm air and ground to 40 or 60 mesh powder. This was 
then extracted by percolation with a definite volume of the par- 
ticular solvent in question. A weighed quantity of the powdered 
dried yeast was moistened with the solvent, packed in a suitable 
percolator, and after maceration overnight was percolated with the 
solvent at such a rate that from 1500 to 2000 cc. of the percolate 
were collected in the course of the day. 

The extract and the air-dried extracted material were then each 
tested for vitamin B, and vitamin B., respectively. In addition 
to these tests the extracted material was also fed to young rats at 
a 10 per cent level incorporated in a basal ration free from the 
vitamin B complex but adequate in other respects. This was 
fed over a period of 50 days or more in order to ascertain the effect 
of such a diet on the growth curve and to determine whether or 
not such a ration could produce the experimental vitamin B, 
deficiency disease in the rat. 

The tests for vitamin B, on the extracts were conducted accord- 
ing to the method described in 1930 (12). A definite volume of a 
given extract was evaporated to dryness in vacuo, the residue was 
taken up in a suitable volume of physiological saline, filtered, and 
neutralized with sodium bicarbonate if necessary, and the mini- 
mal amount thereof required to cure the specific experimental 
polyneuritis in the majority of the animals treated was ascer- 
tained. A given dose usually supplied injections for three to four 
rats. The number of rat units in the extract was then calculated 
therefrom. 

The tests for vitamin B, were carried out upon the air-dried 
extracted material. The technique employed is based on the ob- 
servation that when young rats are maintained on a basal diet free 
from the vitamin B complex and are treated with an adequate dose 
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of the antineuritic vitamin at 5 or 6 day intervals, the growth curve 
remains stationary; and that any change in the growth curve that 
follows the administration of material containing vitamin B, is 
quantitatively proportional to the vitamin so administered. The 
basal diet free from vitamin B complex differs from the polyneu- 
ritis-producing diet in that it contains no autoclaved yeast. It 
consists of! 


McCollum’s Salt Mixture 185 (13). 4 


Animals of about 30 days of age, weighing usually 50 to 60 gm., 
are placed on this diet and in about 7 to 10 days receive an intra- 
venous injection (in the tail vein) of 1 cc. containing 1 mg. of an 
antineuritic concentrate of the type described by Seidell and Smith 
(14). Such concentrates have an activity of from 0.05 to 0.1 mg.; 
i.e., a rat with experimental polyneuritis will recover from a single 
injection of such a dose and the polyneuritis will not recur in less 
than 5 days. It will be observed that rats to be used for the vita- 
min B, test receive 10 to 20 times or more their minimal require- 
ment of this vitamin with no appreciable effect on their weight 
curves. The injection of the vitamin is repeated at 4 to 6 day 
intervals throughout the course of the experiment. When the 
weight curve has remained stationary for at least 10 days the ma- 
terial to be tested is administered daily as a supplement apart from 
the basal ration for a period of 10 days and the weight increment 
during this period is noted, This is compared with the corre- 
sponding weight increment produced under the same conditions 
by a known supplement of dried brewers’ yeast which is used as 
the standard, and therefrom the vitamin B, activity of the material 
tested is computed as per cent of the standard. 

Chart 1 shows the daily weight increment over a period of 10 
days of rats treated with graded supplements of the dried brewers’ 
yeast used in this work as the standard. The crosses in the chart 
indicate the individual experiments and the circles represent the 
averages for the group. It will be seen that there is a rapid in- 


‘Further details may be found in a previous publication (12). 
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crease in the daily weight increment with increasing doses from 
0.2 to 0.7 gm. of yeast per day, and then the curve flattens out. 
Hence, when a sample of material is tested for vitamin B; potency, 
a dose is sought which will yield a daily weight increment to cor- 
respond to that produced by 0.2 to 0.5 gm. of the standard. The 


q q 


Gm. per day 
S 


Weight increment, 


9 
° 


3 0.6 0.8 O. 
Yeast supplement , Gm. per day 
Cuart 1. Daily weight increments of rats receiving as vitamin B; 
supplement graded doses of dried brewers’ yeast. Basal Ration 250 devoid 
of vitamin B complex, and intravenous injections of an antineuritic con- 


centrate every 5 to 6 days were given. The crosses indicate individual 
experiments and the circles represent the averages for the group. 


effect produced by a given dose is usually quite uniform and three 
or four animals on a given dose have been found to be generally 
sufficient. 

By way of illustration an actual experiment may be cited in 
which the vitamin B, potency was ascertained in the autoclaved 
brewers’ yeast, which is regularly included to the extent of 10 
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per cent in our experimental polyneuritis-producing diet. After a 
preliminary period of 20 days two groups of three rats each were 
administered daily supplements of this material in 300 and 600 
mg. doses respectively. At the end of the 10 day observation 
period the animals of the first group showed a daily increment of 
1.4, 1.2, and 1.3 gm. or an average of 1.3 gm. per day. The ani- 
mals of the second group showed an increment of 2.0, 2.4, and 2.9 
or an average of 2.4 gm. per day (Curves 250-A and 250-B, Chart 
2). Reference to the standard curve of Chart 1 shows that a daily 
increment of 1.3 gm. corresponds to about 180 mg. of dried brewers’ 
yeast and a daily increment of 2.4 gm. corresponds very nearly 
to 380 mg. of dried brewers’ yeast. The first value indicates a 
vitamin B, activity for the autoclaved yeast of 60 per cent and the 
second value 63 per cent as compared with the dried brewers’ 
yeast. Evidently the autoclaving process not only destroys most, 
if not all the vitamin B, factor, but it also destroys some 40 per 
cent of vitamin B,. This is in agreement with similar conclusions 
recorded in the literature and arrived at from somewhat different 
observations (15, 16). 

The third test routinely performed was to ascertain the effects of 
the extracted material on prolonged feeding. For this purpose 
rats of a similar age and weight, and from the same colony, were 
placed on the same synthetic ration to which the material to be 
tested had been added in the proportion of 10 per cent, replacing an 
equivalent amount of starch. Four to six animals were used in a 
group, and the feeding continued usually for a period of at least 50 
days or longer if it seemed desirable. Two things were noted in 
these experiments, first the weight curve, and secondly whether or 
not experimental polyneuritis resulted. Whenever experimental 
polyneuritis had developed on such rations, the curative effect of 
an antineuritic concentrate of known potency was examined in 
order to make certain the specific nature of the polyneuritis. 
Such tests invariably indicated that whenever polyneuritis had 
developed we were actually dealing with the specific deficiency 
disease. 

Results 


The total series of experiments comprised a number of extrac- 
tions with three different solvents, methyl and ethy!] alcohols and 
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acetone with varying percentages of water. Hydrochloric acid j 
from 1 to 5 per cent was used in many of these experiments. The 
aim has been to find a suitable solvent to remove vitamin B, as 
completely as possible and to leave vitamin B, as much as possible 
unextracted. The results of these experiments are summarized in a 
Table I and illustrated in Chart 2. f 

Analysis of these data seems to indicate clearly that methyl q 
aleohol with hydrochloric acid is not a suitable solvent for the q 
separation of vitamins B, and Be, as it appears to remove both ” 
vitamins at about the same rate, while ethyl alcohol and acetone qh 
in suitable concentrations with or without hydrochloric acid show { 
a sufficient degree of preferential solubility for vitamin B, to make a 
it possible to effect a separation of the two vitamins to the extent q 
of removing most if not all of the vitamin B, factor, leaving be- q 
hind the greater part of vitamin By. q 


Is the Thermostable Growth-Promoting (Vitamin Bz) Factor Identical 
with the Antidermatitis or Pellagra-Preventive Factor? 


In 1928 Goldberger, Wheeler, Lillie, and Rogers (17) stated in y 
reference to this question as follows: “It [the black tongue pre- 4 
ventive factor] can not be identified with any of the older well- 
recognized dietary essentials, but is believed to be identical with 
the thermostable [growth-promoting] substance of Smith and 
Hendrick.” Other writers have generally assumed and tacitly ac- 
cepted this suggested identity as a proved fact. More recently, 
however, there has been presented some evidence casting con- 
siderable doubt on the identity of the thermostable growth factor é 4 
(referred to in this paper as vitamin B,) and the antidermatitis . 
factor (18, 19). 

Kollath (20) advanced the hypothesis that hemin which nor- 
mally occurs in yeast is the antidermatitis factor. This suggestion 
was based on the observation that rats on a basal ration free from 
the vitamin B complex developed experimental polyneuritis but 
failed to develop skin lesions if the diet was supplemented with 
0.5 mg. of hematin daily. The weight curves given by Kollath 
on this diet indicate very little effect on growth. This it seemed, 
if it could be corroborated, might yield further evidence on this 
question of identity or non-identity of the factors referred to. 
Moreover, if Kollath’s suggestion concerning the relation of hema- 


tamin was not determined. 


t Died within 30 days. 
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tin to the antidermatitis factor proved correct, it would shed fur- 
ther light on Bliss’ recent suggestion to the effect that pellagra is 
an iron deficiency disease (21). 

In the present work there were two series of experiments. All 
the rats were kept on our basal diet minus the vitamin B complex 
(Ration 250), and the antineuritis requirements were amply met 
by intravenous injection of an active concentrate every 5 to 6 days. 
Hemin, prepared from beef blood, was administered separately 
in daily doses of 5 mg. in the first series and 50 to 100 mg. in the 
second series. The first series consisted of six controls and five 
treated animals, and the second series of six controls and an equal 
number of treated animals, three of which received 50 mg. daily 
and three 100 mg. daily. In the first series the hemin, which had 
not been recrystallized, was administered as hematin, in aqueous 
solution with Na,CO;. In the second series the hemin, which had 
been recrystallized from pyridine-chloroform, was administered as 
such. 

The results of this experiment were as follows: 

1. The six controls of the first series all developed typical skin 
lesions in from 30 to 60 days. Administration of autoclaved yeast 
to these animals promptly restored growth and cleared up the 
lesions. 

2. The five hematin-treated animals of this series all developed 
typical skin lesions in from 40 to 100 days. At this time the 


Cuart 2. Typical weight curves of groups of rats on Rations 250, 244, 271, 
264, 267, 272, 255, 252, and 269. D indicates death of an animal and P poly- 
neuritis. Curves 250-A and 250-B illustrate the effect of graded doses of 
autoclaved yeast as used for its vitamin B, assay. At A 300 mg. were ad- 
ministered per day and at B 600 mg. perday. Curve 250-H-Ay shows effect 
of daily doses of 300 mg. of hemin (at H) and 500 mg. of autoclaved yeast (at 
Ay) on growth and skin lesions of a group of three rats on Ration 250 sup- 
plemented with intravenous injections of an antineuritic concentrate every 
5 to 6 days. Curve 244 shows the average weight gains of four rats on the 
polyneuritis-producing diet containing no vitamin B, and 10 per cent auto- 
claved yeast as a source of vitamin B,. Curve 252 is the average of six rats 
fed a similar diet with 10 per cent autoclaved yeast which had previously 
been extracted with 5 volumes of 5 per cent hydrochloric acid in methy] 
alcohol. This removes vitamin B,; and Curve 252 is identical with one ob- 
tained on the basal ration free from the vitamin B complex. The other 
curves refer to the rations described in Table 1. 
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hematin was discontinued and autoclaved yeast substituted with 
the same result as in the control group. 

3. Of the six rats in the second series treated with 50 to 100 mg. 
of hemin daily, three developed typical lesions at the end of 60 
days, two showed minor lesions, and one appeared normal. 

4. In the control group of six rats in this series three developed 
typical lesions at the end of 60 days and three showed but slight 
if any involvement. To the first group of three rats with typical 
lesions 300 mg. of hemin were given daily for a period of 2 weeks 
without any effect. Autoclaved yeast was then substituted for 
the hemin in 500 mg. doses per day for a period of 12 days, where- 
upon the skin lesions cleared up and growth resumed as shown in 
Curve 250-H-Ay. 

The conclusion to be drawn from this experiment is that hemin 
or hematin administered to rats on a vitamin B-free ration ade- 
quately supplemented with vitamin B, does not promote growth 
and it does not prevent the onset of dermatitis; nor is it capable 
of curing such dermatitis as typically occurs in rats when fed a 
diet lacking in the antidermatitis factor, which may or may not 
be identical with the thermostable growth factor. These experi- 
ments are cited not as evidence for or against the view of identity 
of the antidermatitis and growth factor, but as failing to confirm 
the suggestion by Kollath (20), which if confirmed might be con- 
strued as offering evidence in this direction. 


SUMMARY AND CONCLUSIONS 


The differential extraction of vitamins B,; and B, by percolation 
of dried brewers’ yeast with several different solvents has been 
studied. In each case vitamin B, was estimated in the extract 
by a method previously described and vitamin B, was estimated 
in the extracted residue by a technique described herein. 

Three solvents were studied in some detail, methyl and ethyl 
alcohols and acetone with varying percentages of water and hy- 
drochlorie acid. 

Methy] alcohol with 5 per cent hydrochloric acid is not a suitable 
solvent for differentiating vitamins B, and B, since it removes the 
two vitamins with nearly equal facility. 

76 per cent ethyl alcohol and 70 per cent acetone plus 1 per cent 
hydrochloric acid may be used to remove some 80 per cent or more 
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of the available vitamin B, without removing appreciable quanti- 
ties of vitamin B,. The addition of hydrochloric acid to the 
ethyl alcohol or its further dilution with water increases its solu- 
bility for vitamin B, but it also increases its solubility for vitamin 
B,. The same may be said of acetone. 

These experiments confirm the view previously expressed that 
the successful production of the deficiency polyneuritis in the rat 
is conditional upon two factors, (1) the liberal inclusion of the 
thermostable growth accessory vitamin B, in the experimental diet, 
and (2) the rigorous exclusion therefrom of the thermolabile anti- 
neuritic vitamin B,. 

Hemin or hematin has no relation to the thermostable growth 
factor (vitamin B2) or the antidermatitis factor, which are often 
referred to as one and the same thing, though their identity has 
recently been questioned and certainly never definitely established. 


BIBLIOGRAPHY 


1. Smith, M. I., and Hendrick, E. G., Pub. Health Rep., U. S. P. H. S., 
41, 201 (1926). 

2. Goldberger, J., Wheeler, G. A., Lillie, R. D., and Rogers, L. M., Pub. 

Health Rep., U. S. P. H. S., 41, 297 (1926). 

Salmon, W. D., J. Biol. Chem., 78, 483 (1927). 

. Sherman, H. C., and Axtmayer, J. H., J. Biol. Chem., 75, 207 (1927). 

Chick, H., and Roscoe, M. H., Biochem. J., 21, 698 (1927). 

Chick, H., and Roscoe, M. H., Biochem. J., 23, 504 (1929). 

. Chick, H., and Copping, A. M., Biochem. J., 24, 1744 (1930). 

. Sherman, H. C., and Sandels, M. R., J. Nutrition, 3, 395 (1931). 

. Narayanan, B. T., and Drummond, J. C., Biochem. J., 24, 19 (1930). 

Salmon, W. D., Guerrant, N. B., and Hays, I. M., J. Biol. Chem., 

76, 487 (1928). 

11. Levene, P. A., J. Biol. Chem., 79, 465 (1928). 

12. Smith, M. I., Pub. Health Rep., U.S. P. H. S., 46, 116 (1930). 

13. McCollum, E. V., and Simmonds, N., J. Biol. Chem., 33, 63 (1918). 

14. Seidell, A., and Smith, M. I., Pub. Health Rep., U. S. P. H. S., 46, 

3194 (1931). 

15. Williams, R. R., Waterman, R. E., and Gurin, S., J. Biol. Chem., 83, 
321 (1929). 

16. Chick, H., and Roscoe, M. H., Biochem. J., 24, 105 (1930). 

17. Goldberger, J., Wheeler, G. A., Lillie, R. D., and Rogers, L. M., Pub. 
Health Rep., U.S. P. H. S., 48, 657 (1928). 

18. Sure, B., Smith, M. E., and Kik, M. C., Science, 78, 242 (1931). 

19. Daggs, R. G., and Eaton, A. G., Science, 75, 222 (1932). 

20. Kollath, W., Arch. exp. Path. u. Pharmakol., 142, 86 (1929); 160, 236 

(1930). 
21. Bliss, S., Science, 72, 578 (1930). 


— 


h 
| 
l { 


a 
> 


THE ACIDIC PROPERTY OF SUGARS. II 


By FRANK URBAN anp R. D. WILLIAMS 


(From the Laboratory of Biological Chemistry, Washington University School 
of Medicine, St. Louis) 


(Received for publication, December 5, 1932) 


In a previous communication, Urban and Shaffer (1) determined 
the shifts in the hydrogen electrode potential, when glucose, fruc- 
tose, or sucrose was added to NaOH solutions. A saturated calo- 
mel electrode was used for reference. From these shifts, corrected 
for liquid junction potentials, they calculated apparent first and 
second dissociation constants of these sugars. No definite con- 
clusions were drawn regarding the existence of a third dissocia- 
tion constant in these sugars. 

The present paper is intended to answer this question. The 
use of a glass electrode as a reference electrode eliminates the 
necessity for liquid junction potential corrections. 

Apparatus and Materials—The apparatus used was described 
in a previous communication (2). All measurements were carried 
out at 25° + 0.05°. Substitution of a Leeds and Northrup con- 
denser in place of the one previously used gave identical results. 
The materials used, except lactose, have been described previously 
(1). The latter was an Eastman Kodak product. 

Measurements—In NaOH solutions, the glass electrode behaves 
as a sodium electrode (3). If the effect of the anion (in alkaline 
solutions) on the glass electrode potential is negligible, a constant 
glass electrode potential is to be expected, as long as the total 
concentration of all the sodium ions is kept constant. We have 
calculated the glass electrode potential in solutions containing 
NaOH and NaCl in varying proportions, keeping the sum of both 
constant. The glass electrode potential was obtained by deduct- 
ing the hydrogen electrode potential (calculated from activity 
data) from the potential of the cell glass electrode-hydrogen elec- 
trode. Table I shows that glass electrode potential depends only 
on the concentration of Na+, and is independent (within experi- 
mental errors) of OH~ and Cl-. 
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The addition of sugar to a NaOH solution results in the forma- 
tion of sugar salt. We expect the glass electrode potential to 
remain unchanged, if this salt is completely ionized, and if the 
sugar anion is indifferent to the electrode, as OH- and Cl-. Both 
effects are probably small. The first effect can be minimized by 
the addition of NaCl to the solution, so that Na* will be large at 
all times. The glass electrode potential is a logarithmic function 
of the concentration of Na*, and slight changes in this value (due 
to locking up Nat in non-dissociated sugar salt) will have but a 
slight effect on the potential of the glass electrode. The NaCl 
concentration was such that the sum of the NaOH + NaCl was 
always constant. 

Do sugars, in the non-ionized form, affect the potential of the 
glass electrode? Studies with 0.2 m a-methylglucoside, which is 


TABLE I 
Glass Electrode Potentials 


M M mol 

0.100 0.885. 0.9856 0.2377 

0.246, 0.7392 0.985 0.238, 

0.4925 0.4923 0.9856 0.2382 

0.9856 0.000. 0.985 0.2375 


known not to bind base, indicate a slight shift of the glass electrode 
potential (Table II). 

At the pH values of most of our measurements, the free sugar 
present was small or zero. No significant change in the glass 
electrode potential is therefore to be expected. At lower pH 
values, where free sugar is present, the hydrogen electrode poten- 
tial shift is large, and the percentage error, due to the glass elec- 
trode potential change caused by free sugar, must be small or 
negligible. 

The conclusion is reached that a glass electrode can be used as 
a constant potential reference electrode in the systems studied, 
provided the sum of NaOH + NaC1l is kept constant.' 


1 This conclusion can be verified by calculating the glass electrode poten- 
tials in sugar solutions. This can be done by subtracting the hydrogen 
electrode potential from the observed cell £.m.r. The hydrogen potentials 
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The change in the pH of NaOH solutions caused by the addi- 
tion of glucose, fructose, sucrose, and lactose was determined. In 
all cases, the final sugar concentration in the alkaline solutions 
was 0.2m. The glass electrode potential (constant for an entire 
series) was calculated for the highest NaOH concentration (NaCl 
= 0) by subtracting the hydrogen electrode potential, obtained 
from Harned’s activity coefficients (4), from the cell e.m.r. By 
deducting this glass electrode value from any cell 5.m.¥F., the pH 
of any solution can be calculated. 

From the hydrogen electrode potential shift, we calculated the 
base bound by the sugar, according to the equation, EZ; — EF, = 
0.05912 log c:/ce, where c; and c2 are the concentrations of free NaOH 
before and after addition of sugar, respectively (1). 

TABLE Il 
0.2 a-Methylglucoside 
Shift in glass electrode 


NaOH NaCl due pH 
N M volt 
0.100 0.803 —0.0027 12.69 
0.226 0.677 —0.0026 13.06 
0.451 0.451 —0.0029 13.40 
0.677 0.226 —0.0028 13.59 
0.903 —0.0029 13.73 
Results 


The results are given in Table III. Considering the difficulties 
involved in making these measurements, the agreement of values 
in the sixth column, “Base bound per mol sugar,” with values 
calculated by means of two dissociation constants previously de- 
termined by Urban and Shaffer is satisfactory. The apparent 
dissociation constants of lactose, calculated from the experimental 
points, are 


* Values found by Hirsch and Schlags (5). 


can be calculated from the two known apparent ionization constants of the 
sugars (previously determined by Urban and Shaffer (1)). No great error 
can be committed by neglecting the third ionization constant—if it exists— 


as it becomes significant in the proximity of pH 13.6 only. 
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The points follow the theoretical curve closely, with the exception 
of the last one at pH 13.57. 


TABLE III 
0.2 m Glucose 


Shift of 
E, hydrogen | pH of sugar | bound 
Sugar = NaOH le solution 
N volt mols NaOH 


0.2 m glucose 0.2344 0.1000 0.0496 11.93 0.43 
0.2256 0.0311 12.60 0.74 
0.451; 0.0164 13.18 1.06 
0.676, 0.0128 13.44 
0.902; 0.0092 13.63 
0.2 m fructose 0.2339 0.100. 0.0600 11.76 
0.2256 0.0405 12.46 
0.451; 0.0206 13.10 
0.676, 0.0141 13.40 
0.902; 0.0114 13.59 
0.2 m sucrose 0.2344 0.1000 0.0289 12.28 
0.2256 0.0216 12.76 
0.451; 0.0165 13.18 
0.676 0.0138 13.42 
0.902; 0.0098 13.62 
0.2 m lactose 0.2339 0.100. 0.0556 11.83 
0.2256 0.0382 12.50 
0.451; 0.0209 13.09 
0.676, 0.0146 13.39 
0.902; 0.0124 13.57 


DISCUSSION 


The agreement with our formerly obtained values for the appar- 
ent dissociation constants of glucose, fructose, and sucrose indi- 
cates that the calculated liquid junction potentials were correct 
within the estimated percentage error. The previous conclusion 
that glucose, fructose, and sucrose bind 2 equivalents of base 
appears justified. With the possible exception of lactose, no 
evidence of a third dissociation constant is observed below pH 
13.6. 

SUMMARY 
1. By means of the glass electrode, used as a reference electrode, 


the amount of base bound by glucose, fructose, sucrose, and lac- 
tose at various pH values has been determined. 
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2. Our previously calculated apparent dissociation constants 
were confirmed. 

3. With the possible exception of lactose, no evidence of a third 
dissociation constant below pH 13.6 was observed. 
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GLUTAMIC ACID IN THE TREATMENT OF EXPERI- 
MENTAL ANEMIA 


By T. H. RIDER 
(From the Research Laboratories of The Wm. S. Merrell Company, Cincinnati) 


(Received for publication, November 2, 1932) 


The recent literature has contained many papers on the treat- 
ment of experimental anemia. While many points are still open 
to question, the general concensus of opinion seems to be that 
highly purified iron is of little value, while iron and copper together 
are effective in causing hemoglobin regeneration in albino rats 
which have been rendered anemic by a milk diet. These recent 
findings are interesting and valuable confirmations of old empirical 
medical practices. Iron salts in a form which unintentionally in- 
cluded appreciable amounts of copper have long been used in 
treating anemia. While the copper in these salts was used un- 
wittingly perhaps, copper salts have also been recognized as val- 
uable therapeutic agents in similar conditions (1). Many other 
substances have been suggested as substitutes for copper although 
the hematopoietic activities of these other adjuncts to iron are con- 
sistently challenged. 

It is, of course, obvious and admitted that organic material is 
necessary for the building of the hemoglobin molecule, and Hart 
et al. (2) have stated that this organic material must be a source of 
the pyrrole ring. It is a moot question in therapeutics whether or 
not such organic material must be intentionally administered, or 
whether it will be supplied in sufficient quantity and in available 
form by any normal basic diet. The same question may, with 
equal force, be asked about the necessary inorganic supplements, 
iron and copper. 

Among the several special organic supplements which have been 
suggested, glutamic acid is of especial interest since it constitutes 
an easily available pyrrologenic compound. Drabkin and Miller 
(3) claimed that when glutamic acid, either as free acid, hydro- 
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chloride, or sodium salt, was fed in conjunction with iron to 
anemic rats, hemoglobin recovery ensued. They analyzed the 
glutamic acid to be sure that it was copper-free. They fed 0.2 
mg. of iron as ferric sulfate with 70 mg. of glutamic acid to each 
rat daily and reported good recovery in from 30 to 60 days after 
starting this diet. They later reported (4) that a combination of 
0.18 mg. of iron plus 8.8 mg. of glutamic acid was ineffective, that 
a combination of 0.18 mg. of iron plus 17.5 mg. of glutamic acid 
was slightly effective, and that a combination of 0.18 mg. of iron 
plus 35 mg. of glutamic acid gave a definite increase in the hemo- 
globin level of anemic rats. They also found that rats receiving 
glutamic acid were more resistant to the development of anemia 
than those rats fed milk supplemented with iron alone. 

Elvehjem, Steenbock, and Hart (5) felt that it was impossible 
for glutamic acid to be a limiting factor in recovery from experi- 
mental anemia since the casein present in the milk diet contains a 
large amount of this amino acid. They believed that this effect 
reported by Drabkin and Miller must be explained by the presence 
of copper in the glutamic acid. They criticized the method of 
copper analysis used by Drabkin and Miller, and reported that 
copper-free glutamic acid was ineffective in supplementing iron. 
They fed 0.5 mg. of iron as ferric chloride daily in conjunction with 
70 mg. of glutamic acid, and found that the hemoglobin recovery 
was no better than with iron alone. k 

The writer has been working on this subject for some time and in 
March, 1932, presented preliminary data! confirming the results of 
Elvehjem et al. in that little if any virtue was attributed to pure 
glutamic acid as a substitute for copper. At this time, however, 
attention was called to the fact that the addition of glutamic acid ap- 
peared to hasten the hemoglobin regeneration produced by a sup- 
plement containing both iron and copper. Since this time Keil and 
Nelson (6) have confirmed the failure of iron and glutamic acid to 
cause regeneration, and Stucky (7) has reported that iron and 
glutamic acid compare favorably with iron and copper in causing 
hemoglobin regeneration of anemic offspring of mothers fed a low 
protein diet, although in other cases iron and glutamic acid were 


1 Read before the Division of Medicinal Chemistry at the meeting of 
the American Chemical Society at New Orleans, March, 1932. 
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inactive. This variation of diet in the mother may possibly 
explain the differences in the results of different workers. 

The writer has used glutamic acid, which, after extensive puri- 
fication, failed to give a positive test for copper according to the 
method of Cherbuliez and Ansbacher (8). This acid, in the form 
of sodium hydrogen glutamate was fed together with iron and 
iron and copper supplements to rats rendered anemic by a milk 
diet. 

Four supplements were used: Supplement A, 0.5 mg. of iron 
as ferric chloride; Supplement B, 0.5 mg. of iron as ferric chloride 
plus 70 mg. of glutamic acid as sodium hydrogen glutamate; 
Supplement C, 0.5 mg. of iron as ferric chloride plus 0.03 mg. of 
copper as copper sulfate; and Supplement D, 0.5 mg. of iron as 
ferric chloride plus 0.02 mg. of copper as copper sulfate plus 70 
mg. of glutamic acid as sodium hydrogen glutamate. 

Early experiments showed that the two supplements without 
copper both failed to cause hemoglobin regeneration. Since this 
finding is merely confirmatory it need not be discussed in detail, 
except to mention that the lack of regeneration bears testimony to 
the fact that the iron and glutamic acid used were both copper- 
free. In this earlier work there was, however, a distinguishable 
difference between the results with the supplements containing 
iron and copper alone and that containing iron, copper, and 
glutamic acid. 

In checking these results six litters of six rats each were used. 
These rats were purchased at weaning and the history of the parent 
rats is unknown. The animals were fed on a diet of whole cow’s 
milk until the hemoglobin values had all dropped below 6 gm. 
per 100 cc. The supplements were then fed daily, Supplements C 
and D each being fed to two animals from each litter. Supple- 
ments A and B were fed to one rat from each litter during the 
first 3 weeks, and both failed to produce hemoglobin regenera- 
tion. The results with Supplements C and D seem worthy of more 
detailed consideration. 

The supplements were mixed with 5 cc. of cream and fed in the 
morning. After the supplements were completely consumed, 
small portions of whole cow’s milk were fed at intervals. The 
original plan was to limit the amount of milk offered to an amount 
which would be totally consumed by both groups. There was, 
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however, no noticeable difference in appetite between the two 
groups. In the latter part of the experiment two daily feedings of 
1 ounce of milk each were offered. There were no significant 
differences in the average daily consumption of the rats in the two 
groups, nor were there any significant differences in the weight 
gains. 

The iron, copper, and glutamic acid supplement produced a 
somewhat more rapid hemoglobin regeneration and a slightly 
higher hemoglobin level than did the supplement of iron plus a 


4 SUPPLEMENT DOUBLED 
FROM HERE ON 


HEMOGLOBIN GRAMS PER /00CC. 
sg = 


FE-GLUTAMIC ACID 
DISCONTINUED 
FE 


Cuart I. The hemoglobin level of rats on the various supplements. For 
each supplement the average results for all rats on the supplement are given. 
The unit of the abscissa scale is the time in weeks. 


larger amount of copper. While the differences were not marked, 
they were consistent. In order still further to rule out possible 
errors, the supplement of iron and copper was fed in double 
amount after the 2nd week, while the iron, copper, and glutamic 
acid mixture was fed in the same amount as previously. 

In order to conserve space, the data have been condensed by 
averaging the results of all rats on each supplement and plotting 
them (Chart I). 

Since the average of all results may be considered an unfair 
analysis, the individual responses of the rats in Litter R are given 
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in Chart II. This litter shows the least favorable response of the 
iron, copper, and glutamic acid group compared to the iron and 
copper group. Here the average hemoglobin value of the two rats 
on iron and copper is at one point actually higher than the average 
hemoglobin value of the three rats whose supplement also in- 
cluded glutamic acid; yet the glutamic acid still appeared to be of 
value. 

At the end of the 3rd week the rats which had received iron only 
and iron with glutamic acid had shown practically no regenera- 
tion. At this point an ordinary c.p. grade of ferric chloride was 


‘7 
& 
2 
ed 
a 
at 
<= 
ad —— FE-CU-CLUTAMIC ACID 
= FE-CU 
4#FE-CU RATION DOUBLED 
2 FROM HERE ON 
o 8 
= 
FE-GLUTAMIC ACID 
FE ALONE 


Cuart II. Individual hemoglobin responses of rats of Litter R on 
various supplements. The unit-of the abscissa scale is the time in weeks. 


substituted for the specially purified iron salt previously used. 
Both groups showed immediate response, the group with glutamic 
acid showing a slightly more rapid recovery. 

The foregoing facts are offered not as conclusive proof of a 
specific effect of sodium hydrogen glutamate in supplementing 
iron therapy but merely to demonstrate that it does not appear to 
be absolutely without value when fed to anemic rats with ade- 
quate amounts of iron and copper as a supplement to a diet of 


cow’s milk. 
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The effects of the glutamic acid are not marked. It is not im- 
possible that the effects are due to an improvement of the nutri- 
tive condition simply as a result of supplying additional nitrogen 
or that they are due to the change in the state of the iron and 
copper supplements due to mixing with the sodium hydrogen 
glutamate. 

There is an obvious complex formation when iron chloride is 
added to sodium hydrogen glutamate witnessed by the formation 
of a deep ruby-red color. Similarly the color of copper sulfate is 
somewhat intensified. 

In the opinion of the writer, the metals in this combination exist 
in the form of complex metal glutamates. It is, therefore, an 
interesting observation that iron and copper salts in this loose 
organic combination are at least as effective as the corresponding 
inorganic salts alone. 


CONCLUSIONS 


Sodium hydrogen glutamate is not effective as a substitute for 
copper in treating experimental nutritional anemia, but it does 
exert a demonstrable effect when fed with adequate amounts of 
iron and copper. The mechanism and limitations of this effect 
are unknown and attention is called thereto in the hope of stimu- 
lating further work. 
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THE PREPARATION OF /-GALACTOSE FROM FLAXSEED 
MUCILAGE* 


By ERNEST ANDERSON 
(From the Carnegie Institution of Washington, Division of Plant Biology, 
Stanford University, California, and the Department of Chemistry, the 
University of Arizona, Tucson) 
(Received for publication, December 12, 1932) 


INTRODUCTION 


The sugar /-galactose has been found in nature among the 
products of hydrolysis of two plant materials (1). However, no 
readily available source of the sugar has been described in the 
literature. Recently the author discovered /-galactose among the 
products of hydrolysis of flaxseed mucilage. The isolation of the 
sugar from this source is not especially difficult if proper precau- 
tions are observed but the yields are low, varying from approxi- 
mately 6 to 12 per cent of the mucilage used. 

Flaxseed mucilage consists of d-galacturonic acid combined with 
Lrhamnose (2), which is combined in turn with d-xylose and 
Lgalactose. Hilger (3) and Neville (4) reported two other sugars, 
lLarabinose and d-glucose, among the products of hydrolysis of the 
mucilage. When the mucilage is heated in 4 per cent sulfuric 
acid solution, the sugars are split off the molecule down to the 
Lrhamnose. If at this stage the sulfuric acid and the aldobionic 
acid are neutralized with barium carbonate and the salts are 
precipitated by addition of alcohol, the J-galactose can be 
crystallized from the alcohol-soluble sugar syrup. 

The preparation has been repeated many times with slight modi- 
fications. The best yields were obtained by the procedures 
described below. 


*The author received aid in this investigation by a grant from the 
Carnegie Institution of Washington for which he desires to express his deep 
appreciation. 
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EXPERIMENTAL 


Preparation and Hydrolysis of Flaxseed Mucilage—Two lots of 
seed of the common flax, Linum usitatissimum, were used in the 
investigation. One of these was grown on the farm of the Agri- 
cultural Experiment Station of the University of Arizona, near 
Tucson. The other lot was grown at the Meloland Experiment 
Station near E] Centro, California. 

The directions of Neville (4) were followed in the preparation of 
the flaxseed mucilage. These directions are also given in works 
on practical plant biochemistry (5). 

100 gm. of air-dry mucilage containing 11 per cent moisture 
were mixed with 600 cc. of 4 per cent sulfuric acid and allowed to 
stand overnight. The flask was then connected with a reflux air 
condenser and heated for 18 hours in a bath of boiling water. 

In several preparations the hydrolysis was conducted at a tem- 
perature of 80-85° for 12 hours. This procedure has the advan- 
tage that while most of the /-galactose is freed from the mucilage 
molecule, less of the d-xylose is freed than at the higher tempera- 
ture. As a result the /-galactose is in a less complex syrup and 
can be crystallized more readily. The procedure has the disadvan- 
tage, however, that the solution is more viscous because hydrolysis 
is less complete and as a result the barium sulfate which is formed 
by neutralizing the sulfuric acid is very difficult to remove. 

Neutralization of Acid Solution—After the mucilage has been 
hydrolyzed the acids must be neutralized completely and all salts 
removed, otherwise these non-saccharine materials will remain 
in the alcohol-soluble sugar syrup and interfere with crystallization 
of the /-galactose. 

The best yields of l-galactose were obtained when the hot solu- 
tion was stirred mechanically with excess barium carbonate, then 
cooled, and made very slightly alkaline with barium hydroxide 
solution in the cold. The excess barium hydroxide was removed 
with carbon dioxide. 

In some preparations the acids were neutralized by addition of 
excess calcium carbonate, together with butyl alcohol to prevent 
foaming. This is a very satisfactory method of neutralizing the 
solution and removing the sulfate ion. However the yield of L- 

galactose was slightly lower than when barium carbonate was used. 
Isolation of l-Galactose—The procedure followed in isolating 
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Lgalactose varied in different preparations. The highest yields 
were obtained by the following general procedure. The filtrate 
from the barium sulfate was concentrated under reduced pressure 
to a syrup on a bath of boiling water. Approximately 2 liters of 
95 per cent ethanol were added and the mixture was heated under 
a reflux. The solution was allowed to cool and decanted from 
the gum. The latter was dissolved in a small volume of water 
and again extracted with 2 liters of ethanol under a reflux. The 
alcohol extracts were combined and made up to a volume of 6 liters 
with 95 per cent ethanol. After standing for several hours the 
alcohol solution was decanted from any precipitate and concen- 
trated in vacuo to a gum which weighed approximately 35 gm. 
This gum was dissolved in 20 cc. of glacial acetic acid, seeded with 
L-galactose, and placed in the refrigerator. After a few weeks it 
became almost solid with crystals. These were filtered off, 
washed successively with small amounts of glacial acetic acid, 
ethanol, and ether, and dried on a porous plate. They weighed 12 
gm. and showed [a]J® = —76°. Frequently the rotation of the 
first crop of l-galactose crystals will be as low as [a]? = —55°. 
This is because d-xylose is present in the products of hydrolysis 
of the mucilage and some of it often crystallizes along with the 
l-galactose. 

The filtrate from the first crop of -galactose was concentrated 
toa gum. This was dissolved in a small volume of glacial acetic 
acid and placed in the refrigerator. A crystalline sugar slowly 
came out of solution. This was identified as d-xylose by its 
[a> = +18° as well as by conversion to the boat-shaped crys- 
tals of cadmium bromide-cadmium xylonate double salt, Cd- 
Br2-Cd(CsH»O¢)2-2H:O. In some preparations in which the first 
crop of l-galactose crystals was small, a second crop of this sugar 
was obtained. It is essential to determine the rotation of each 
crop of crystals because of the possibility of d-xylose crystallizing 
out. 

Purification and Identification of l-Galactose—The crystalline 
Lgalactose isolated from the sugar syrup as already described may 
be purified by either of the methods described below. The first of 
these methods is preferable for separating the /-galactose from 
d-xylose but there is a greater loss of sugar when this method is 
used. 
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The first method consists in dissolving the sugar in an equal 
weight of water and 3 times this volume of 95 per cent ethanol. The 
cold solution is seeded with /-galactose and placed in the refrigera- 
tor. After a few days the crystals are filtered off, washed with 
ethanol and ether and dried. They usually melt at 163-165° 
and show [a]? = —78°. 

The second method consists in dissolving the sugar in 4 times its 
weight of water and heating with decolorizing carbon. The filtrate 
is concentrated to a gum under reduced pressure. This is dissolved 
in a very small amount of glacial acetic acid, seeded with /-galac- 
tose, and placed in the refrigerator. After a few days the crystals 
are isolated as described in the first method. 

The sugar was identified as /-galactose by its melting point, 
165°, its [aj = —78° to —79°, and by its quantitative conversion 
to mucic acid. In addition it was converted to the phenylhy- 
drazone (6) which showed [a]? = +22° and the melting point 
158-159° (7). 

Preparation of |-Galactose from Flaxseed without Isolating Muci- 
lage—The sugar, /-galactose, was also prepared directly from flax- 
seed without isolating the mucilage. 2 kilos of flaxseed were 
mixed with 8 liters of cold distilled water and allowed to stand for 
36 hours. The mucilaginous solution was pressed through cloth 
and mixed with sufficient sulfuric acid to make it approximately 
4 per cent acid. It was heated in a bath of water at 80-85° 
for 11 hours. Afterwards it was neutralized with barium carbo- 
nate and barium hydroxide and the sugar isolated as already 
described. In one preparation the yield of crystalline l-galactose 
was 6 gm. while in another preparation it was 8 gm. The rotation 
was [a]? = —70°. The filtrate from the /-galactose gave crystal- 
line d-xylose with [aJ? = +18°. 

Other preparations in which the flaxseed was extracted by hot 
water, or the solution hydrolyzed in a bath of boiling water, or the 
acids neutralized by calcium carbonate gave little or no /-galactose. 

Amount of |-Galactose in Flaxseed and Flaxseed Mucilage—The 
accurate determination of the amount of l-galactose in flaxseed 
and flaxseed mucilage by conversion of the sugar to mucic acid 
is complicated by the presence of d-galacturonic acid which also 
gives mucic acid. For this reason it is best to hydrolyze the 
mucilage and remove the d-galacturonic acid before oxidizing the 
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L-galactose to mucic acid. This was accomplished as follows. 500 
gm. of flaxseed were extracted with cold water. The mucilaginous 
extract was mixed with 4 per cent of its weight of sulfuric acid and 
hydrolyzed in a bath of boiling water. The acid solution was 
neutralized with barium carbonate and barium hydroxide as pre- 
viously described. The water solution was concentrated under re- 
duced pressure and the barium salts were precipitated with ethanol. 
This served to remove all of the d-galacturonic acid. The amount 
of |-galactose in the filtrate was then determined by conversion to 
mucic acid. Several determinations gave amounts of /-galactose 
varying from 0.30 per cent to 0.32 per cent of the weight of the 
seed used. Since slightly more than this amount of /-galactose can 
be obtained from the seed, it would appear that the determinations 
are slightly low. 

The general method given above was used to determine the 
amount of /-galactose in flaxseed mucilage after removal of the 
d-galacturonic acid. The average of several determinations gave 
11 per cent J-galactose in the mucilage. 

It is well known that d-galactose also gives mucic acid on oxida- 
tion. However, no d-galactose was found in the mucilage. 
Apparently only the levo form of the sugar is present. 


SUMMARY 


Flaxseed mucilage has been shown to contain approximately 11 
per cent of its weight of -galactose. Directions are given for the 
preparation and purification of /-galactose directly from flaxseed 
as well as from the mucilage. 
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ADSORPTION AND HYDROLYSIS OF GLYCOGEN 


By GEORGE BANCROFT anv EDITH G. FRY 


(From the Cancer Research Laboratories, University of Pennsylvania 
Graduate School of Medicine, Philadelphia) 


(Received for publication, November 17, 1932) 


In an earlier paper (1) the effect of adsorption on the course of 
enzyme reactions was discussed. Since the study of enzyme 
hydrolysis in homogeneous solution tacitly disregards this effect 
which may be of considerable importance in such a heterogeneous 
system as the body, some of the characteristics of glycogen in 
adsorption and hydrolysis were investigated by means of the 
system charcoal-glycogen-water and acid or enzyme. It is clear 
that the properties of glycogen when adsorbed must depend largely 
on the type and extent of adsorption. If the adsorption is re- 
versible, the rate of hydrolysis would be checked only if there was 
very complete adsorption, for then the amount in solution would 
be nearly negligible at all times. 

Adsorption of Glycogen by Charcoal—The general method of 
procedure for determining the adsorption and hydrolysis of gly- 
cogen was as follows: 1.00 gm. of purified charcoal' was suspended 
in 15 ce. of glycogen solution? of various concentrations in a flask. 
This was evacuated to remove adsorbed air and to insure thorough 
wetting of the particles. After standing overnight, the charcoal 
was filtered off through a Gooch crucible, two 3 cc. portions of 
water being used to transfer the solid to the crucible, and the 
glycogen was determined in the filtrate by hydrolysis. The 


‘Since impurities often cause conflicting results with charcoal (Miller 
(2)) and since purified charcoal is a better adsorbent, Pfanstiehl’s norit 
was sifted through a 250 mesh sieve and purified by the H.F; treatment as 
described by Miller (3). The purified charcoal contained less than 0.2 
percent ash, which was deemed sufficiently ash-free. The very slight re- 
sidual reducing value was allowed for in a blank. 

? The glycogen used in these experiments was prepared from rabbit livers 
by the trichloroacetic acid extraction method of Sahyun and Alsberg (4). 
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adsorption could then be calculated by difference. It is recog- 
nized that this method of determining the adsorption, although 
perhaps not showing the true adsorption of glycogen, gave con- 
sistent and accurate results and permitted the study of the hy- 
drolysis of glycogen with hydrochloric acid on the same sample. 
Glycogen was determined as glucose either by the Hagedorn- 
Jensen method (5) or the Hanes (6) modification for use with 
larger quantities after the glycogen had been hydrolyzed 1} to 
2 hours with n hydrochloric acid. This method of hydrolysis 
requires much less time than the customary method and further- 
more has been recommended by Sahyun and Alsberg (7). Ex- 
cept when so stated, glycogen values are given as the glucose 
value multiplied by the customary factor 0.927. 


TABLE I 
Adsorption of Glycogen on 1 Gm. of Purified Charcoal (Norit) 
Glycogen 
Glycogen used Glycogen in solution | Glycogen adsorbed in solution after 
dilution 
mg mg. mg mg 
100.0 49.10 50.90 2.65 
50.0 1.00 49.00 0.87 
30.0 0.13 29.87 0.56 
20.0 0.10 19.90 0.41 
10.0 0.08 9.92 0.22 


The data in Table I show quite clearly that glycogen is very 
strongly adsorbed by charcoal. The type of adsorption is some- 
what unusual in that charcoal apparently takes up glycogen 
almost quantitatively to a saturation point and then can take up 
no more. The tenacity of the adsorption is indicated from the 
figures in the fourth column which were obtained from an experi- 
ment described later. In this case charcoal containing adsorbed 
glycogen was suspended in 35 ce. of dilute acid and heated 2 hours 
on a water bath. The figures show the amount of glycogen 
present in the solution after that treatment. The exchange of 35 
cc. of water for 20 cc. of equilibrium mixture in itself amounts to 
considerable dilution yet only 2.65 mg. of glycogen appeared in 
solution when more than 50 mg. were adsorbed on the charcoal and 
considerably less in the other concentrations. 
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Hydrolysis of Glycogen by Hydrochloric Acid in Presence of 
Charcoal—The completeness of the adsorption of glycogen indi- 
cated that the effect on hydrochloric acid hydrolysis might be 
large. In order to determine whether glycogen adsorbed on 
charcoal was stable to hydrochloric acid, 1 gm. samples of char- 
coal containing different amounts of adsorbed glycogen were sus- 
pended in 35 cc. of water containing 10 cc. of 1.008 Nn HCl. These 
mixtures were heated 2 hours on a water bath, decanted through 
Gooch crucibles, cooled, and aliquots analyzed for acidity, glucose, 
and glycogen. Since hydrochloric acid is also adsorbed by char- 
coal, the acidity was determined in order to know what was the 


TABLE II 
Hydrolysis of Different Quantities of Adsorbed Glycogen by 0.288 n 
Hydrochloric Acid 
: : Glycogen in Glucose formed b 
Glycogen adsorbed Acidity of solution expressed = y 
mg. x mg. mg. 
50.90 0.274 2.86 1.93 
49.00 0.277 0.94 0.82 
29.87 0.277 0.60 0.52 
19.90 0.278 0.44 0.23 
9.92 0.280 0.24 0.17 


effective concentration of acid in solution. As the concentration 
of acid is not sufficient for complete hydrolysis, glycogen in solu- 
tion can be determined by further hydrolysis of an aliquot. The 
results are given in Table IT. 

The fact that even with 50:9 mg. of glycogen only 1.93 mg. of 
glucose were formed shows how completely adsorption alters the 
course of hydrolysis.* The amount of glucose formed is about 
what would be expected from the equilibrium concentration of 
2.86 mg. of glycogen (expressed as glucose) alone with that strength 
of acid. 

In order to see whether the hydrolysis was dependent upon the 
concentration of both unadsorbed glycogen and unadsorbed acid 

* Although norit adsorbs some glucose from solution, the adsorption in 
the presence of glycogen is so much smaller as not to be a significant factor 
in explaining the reduced hydrolysis in the presence of charcoal. 
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in solution, the amount of glycogen was kept constant and the 
quantity of acid varied. As only dilute acid was used, which 
would not hydrolyze glycogen completely, it was not necessary to 
determine the adsorption separately. Glycogen was adsorbed on 
the charcoal in the usual way, but after standing overnight acid 
and water were added to give the desired concentration in a vol- 
ume of 20 ce. without filtering off the charcoal. The mixture was 
then heated on a water bath exactly 2 hours, decanted through a 
Gooch crucible, and cooled rapidly in ice, and 5 cc. aliquots were 
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Fia. 1. Hydrolysis of glycogen in the presence of charcoal. © indicates 
glucose and hydrochloric acid in solution after heating with charcoal; A, 
glucose and hydrochloric acid with 26.5 mg. of glycogen. 


taken for the determination of glucose, acidity, and total sugar or 
glycogen. The amount of adsorption could then be calculated 
from the amount of glycogen in solution by difference from the 
original amount of glycogen added. 

If the hydrolysis depends upon the amount of free glycogen and 
free acid in solution, the same values should be obtained by hy- 
drolyzing similar amounts of glycogen with similar quantities of 
acid without the presence of charcoal. Rather than determine the 
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hydrolysis for each separate case, and since the variations in the 
amount adsorbed indicated that an average value would be more 
accurate, the average amount of glycogen present in the solution 
after adsorption was hydrolyzed with different concentrations of 
acid, and from these values a curve was drawn from which the 
amounts of glucose for the exact amounts of acid used could be 
determined. This curve was constructed from the values ob- 


TABLE III 


Hydrolysis of Approximately 96.5 Mg. of Glycogen in Presence of Charcoal by 
Various Concentrations of Acid 


HCI concentra- Adsorbed Glucose Glucose 
xy mg. mg. mg. mg. 
0.239 68.0 31.8 25.3 25.3 
0.194 68.1 28.4 20.8 20.7 
0.136 73.7 22.8 14.5 14.5 
0.083 72.4 24.1 8.8 8.8 
0.070 70.2 26.3 7.0 7.4 
0.044 72.1 26.1 4.6 4. 


* The glucose values for the exact concentrations of hydrochloric acid 
were obtained from Fig. 1. 


tained by hydrolyzing 26.5 mg. of glycogen with various concen- 
trations of acid in a volume of 20 ce. 


Concentration of acid, v........... 0.25 


The close relationship between the hydrolysis of glycogen in the 
presence of charcoal and the hydrolysis of 26.5 mg. of glycogen, 
the average amount free in solution, by acid from a corresponding 
solution, leaves no doubt that the hydrolysis depends upon the 
concentration of unadsorbed glycogen and unadsorbed acid in 
solution and is independent of the rather large amounts of glycogen 
and acid adsorbed on the charcoal. Miller and Bandemer (8) 
have obtained, moreover, similar results with the hydrolysis of 
sucrose by acids in the presence of charcoal. The comparison is 
given in the fourth and fifth columns of Table III and is shown 
diagrammatically in Fig. 1. 


0.20 0.15 0.09 
1.1 


2 16.0 9.47 
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Hydrolysis of Glycogen by Amylase in Presence of Charcoal— 
It has been shown that adsorbed glycogen is not appreciably hy- 
drolyzed by hydrochloric acid, and, that with an excess of glycogen 
and hydrochloric acid above that which is adsorbed, the amount of 
hydrolysis depends upon the quantity of free glycogen and free 
acid in solution. Adsorption has induced stabilization of glycogen 
rather than activation. In the present section, the hydrolysis of 
glycogen with amylase as the catalyst has been carried out. 

Since the activity of amylase changes considerably with the pH 
of the solution, care must be taken in such experiments to insure 
a constant pH.‘ The hydrolyses were carried out at 38° in a total 
volume of 75 cc.5 The course of hydrolysis was determined by 
means of samples removed at intervals, heated in boiling water to 
inactivate the enzyme, filtered, and 3 cc. aliquots taken for analy- 
sis by the maltose method of Hulme and Narain (12). The 
values obtained were multiplied by 25 to give the total reducing 
value of the solutions. The zero determination acted as the blank 
and was assumed to be constant throughout the period of hy- 
drolysis. The amylase® usually was added last and marked the 
start of the experiment except in the experiments with completely 
adsorbed enzyme when the addition of glycogen marked the start. 
The data obtained by the hydrolysis of glycogen in the presence 
and absence of charcoal, with and without the addition of butyl 
alcohol or chloroform, substances which increase glycolysis in 
muscle, are given in Fig. 2. 

4 It is well known (Miller (9), Miller and Bandemer (10), Kolthoff (11)) 
that ash-free charcoal by adsorption of the acid constituents of a buffer 
and hydrolytic adsorption of neutral salt solutions will change the pH of the 
solution. Since a Sgrensen buffer of pH 6.4 is changed in the presence of 
charcoal and NaCl to pH 6.6, all experiments with charcoal were made with 
a buffer having an initial pH of 6.4 and those without charcoal having a pH 
of 6.6. Enough NaCl solution was present to activate amylase despite any 
adsorption of chloride by charcoal. 

5 The following is a typical mixture: 1.00 gm. of charcoal, 10 cc. of gly- 
cogen solution (approximately 1 per cent), 15 cc. of phosphate buffer (m/7.5) 
pH 6.4, 7.5 cc. of 0.5 N NaCl solution, 32.5 ce. of distilled water, and 10 ce. 
of enzyme suspension containing 100 mg. of dry enzyme. 

* The amylase was a sample of ‘“‘raw Degomma dl,”’ a pancreatic amylase 
obtained from Réhm and Haas Company. It contained no maltase as far 
as could be determined. When dissolved it always contained some sus- 
pended protein which could be filtered off without apparently changing the 
activity of the enzyme. 
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In all the enzyme experiments a large excess of enzyme above 
that necessary for hydrolysis was used first in order to avoid the 
possibility of the products formed poisoning the catalyst enough to 
check the reaction before equilibrium was reached, and second, 
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Fig. 2. Maltose produced from 97.4 mg. of glycogen by 100 mg. of amylase 
in the presence and absence of 1.0 gm. of purified norit with and without the 
addition of 0.75 cc. of butyl alcohol or chloroform. No formation of mal- 
tose was ever detected when either the glycogen or the amylase was com- 
pletely adsorbed. When completely adsorbed glycogen or enzyme was 
used, the substance was adsorbed on the charcoal, the suspension filtered, 
and the charcoal containing adsorbed material then suspended in the usual 
mixture. The amount of glycogen adsorbed (26.7 mg.) was determined in 
the usual way. The quantity of enzyme adsorbed was not accurately 
determined although qualitative tests indicated that practically all of the 
20 mg. was adsorbed. 


in order that sufficient enzyme would be present in the solution 
even though considerable amounts were adsorbed by the charcoal. 

Fig. 2 shows the very marked effect of charcoal on the course of 
hydrolysis of glycogen by amylase. The data show the following 
facts quite clearly: (1) Butyl alcohol and chloroform have no 
effect on the normal hydrolysis of glycogen by amylase. (2) 
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In the presence of charcoal considerable amounts of glycogen are 
still adsorbed and stable even with butyl alcohol or chloroform. 
(3) No detectable reaction takes place when either glycogen or 
amylase is completely adsorbed on the charcoal. (4) The form of 
the curve in the presence of charcoal indicates the presence of a 
competing reaction with the hydrolysis which is, no doubt, the 
adsorption of maltose. Since the rate of adsorption increases with 
the amount of maltose in solution, the curve shows roughly four 
parts: first, where the hydrolysis predominates; second, where 
both reactions proceed about equally; third, where the adsorption 
predominates; and fourth, where both reactions have reached 
equilibrium. 


TABLE IV 
Adsorption of Glycogen from 75 Cc. of Solution Buffered to pH 6.6 on 1.0 Gm. 
of Charcoal at 38° 
Glucose 
concentee- | | | Glycogen 
tion elution solution 
mg. mg. mg. mg. 
97.4 56.6 52.6 44.8 
97.4 54.2 50.2 47.2 


The larger amount of hydrolysis with butyl alcohol and charcoal 
than with charcoal alone might be due solely to adsorption of 
maltose or it might be due to reduced adsorption of glycogen under 
these conditions. These possibilities were investigated. As it is 
evident from Table IV that glycogen adsorption on charcoal is not 
materially reduced by butyl alcohol, this explanation of the differ- 
ences observed is definitely eliminated. However, maltose ad- 
sorption on charcoal under these conditions was found to vary 
markedly with small changes in the amount of glycogen present, 
for, with an initial concentration of 30.2 mg. of maltose the ad- 
sorption dropped from 27.7 to 19.7 mg. in the presence of glycogen. 
Moreover, no maltose was adsorbed in the presence of butyl 
alcohol. As the exact amount of glycogen present was unknown, 
an accurate estimation of the extent of the adsorption and hence 
the effect on the hydrolysis could not be obtained in this way, 
but, by running a normal hydrolysis in the presence of charcoal 
until a constant value had been obtained, the amount of maltose 
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present and adsorbed on the charcoal could be determined by 
adding butyl alcohol. As shown in Table V, the solution after 
20 minutes was divided into two parts; one was inactivated by 
heating before butyl alcohol was added and to the other butyl 
alcohol was added directly. 

In the former case the amount of maltose which had already 
been formed was determined, but in the latter case the hydrolysis 
continued until the values obtained when butyl alcohol was added 
at the start of the experiment were approached. Adsorption of 
maltose alone is not the complete answer for the difference in 
hydrolysis in the presence and absence of charcoal. 


TABLE V 
Effect of Addition of Butyl Alcohol on Glycogen Hydrolysis by Amylase in 
Presence of Charcoal at 38° 

Time Maltose in solution 
min mg. 

0 0.0 
20* 7.8 

Not inactivated Inactivated 

30 43.5 31.6 
40 45.7 34.0 
60 46.9 33.0 


* After 20 minutes, 0.01 cc. of butyl alcohol per cc. of solution was added 
to each part. 


DISCUSSION 


Examination of the figures in a semiquantitative manner shows 
that the 82.3 mg. of maltose formed by hydrolysis is 84.5 per cent 
of the total value of 97.4 mg. of glycogen. From Table IV on 
adsorption of glycogen, 52.6 mg. remained free in solution in the 
presence of butyl alcohol. 84.5 per cent of this value would be 
44.5, which is very close to the value 46.0 obtained in the hydrolysis 
experiments with butyl alcohol. This indicates that in the pres- 
ence of butyl alcohol the hydrolysis is proportional to the amount 
of free glycogen in solution. Since only 33 mg. of maltose were 
formed in the presence of charcoal alone, this relationship of the 
hydrolysis to the amount of free glycogen does not hold. It would 
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require further investigation to determine the cause of this 
difference but it seems probable that the adsorbed enzyme is so 
oriented on the surface of the charcoal that it can combine with 
some of the unadsorbed glycogen but cannot split it to maltose. 
The action of butyl alcohol, therefore, would be either to reduce 
the adsorption of this complex or to facilitate its splitting. 

Przylecki (13) in studying the increased hydrolysis of glycogen 
with butyl alcohol in the presence of charcoal ascribed the results 
to decreased adsorption of glycogen. Lesser and Zipf (14) on 
the other hand believed the increase to be caused by reduced 
adsorption of enzyme. However, Unna (15) was unable to find 
any amylase in solution after addition of butyl alcohol. More- 
over, both explanations depend upon the tacit assumption that ad- 
sorbed enzyme or glycogen will react with unadsorbed glycogen or 
enzyme respectively. However, since it has been shown that no 
detectable reaction takes place with completely adsorbed enzyme 
or glycogen in the presence of an excess of the other, these ex- 
planations are inadequate. 

No attempt was made to purify the enzyme and as Miller (16) 
has shown with invertase that adsorption and subsequent activity 
varies with a number of factors including age, concentration, and 
purity of enzyme, it is possible that under certain conditions ad- 
sorbed amylase might be active. 

The type of adsorption exhibited by glycogen on charcoal has 
been pointed out as being somewhat unusual and quite different 
from such molecularly dispersed substances as sucrose, and the 
inorganic acids. This may be related to the colloidal nature of 
the glycogen, just as Miller found a different type of adsorption for 
invertase which is also colloidal in nature. 


SUMMARY 


1. Glycogen is shown to be very strongly adsorbed by charcoal; 
the type of adsorption where the charcoal takes up glycogen 
nearly quantitatively to a saturation point and then can take up 
no more may be due to the colloidal nature of the polysaccharide. 

2. The amount of hydrolysis with hydrochloric acid depends 
upon the concentration of free glycogen and free hydrochloric acid 
in solution and is independent of the rather large amounts of 
glycogen which are present but adsorbed on the charcoal. 
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3. No detectable reaction takes place when either glycogen or 
enzyme is completely adsorbed on charcoal even in the presence 
of an excess of the other. 

4. The increase in hydrolysis with butyl alcohol or chloroform is 
not due to reduced adsorption of glycogen or enzyme as suggested 
by Przylecki and Lesser respectively, but only in their presence 
does the amount of hydrolysis approach that expected from the 
amount of glycogen which is unadsorbed. 

5. The low amount of glycogen hydrolyzed in the presence of 
charcoal may be due to the combination between unadsorbed 


glycogen and adsorbed enzyme. 
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ON THE QUESTION OF THE SPECIFICITY OF THE IN- 
TRACELLULAR DEHYDROGENASES 


IV. THE EFFECT OF HYDROGEN ION CONCENTRATION 


By JOYCE McGAVRAN anp MARGARET RHEINBERGER 
(From the Department of Biology, Western Reserve University, Cleveland) 


(Received for publication, December 19, 1932) 


In working with the dehydrogenase system of frog muscle we 
noted sensitivity to pH. The literature afforded few controlled 
determinations. Thunberg and Ahlgren (1) state the optimum 
activity of these enzymes is near neutrality, while Essen-Mdller 
(2) reports that variations between pH 6.3 and 8.6 have no specific 
effect on the action. 

Using washed frog muscle, we have tested the effect of pH over a 
range wide enough to indicate the optimum for each of five de- 
hydrogenases. Our method was essentially similar to that already 
reported (3), except that the pH of all solutions used was deter- 
mined electrometrically, and an oil pump with constant pressure 
was employed for evacuation.' 

The pH was adjusted by varying the proportions of K;PQ,, 
K,HPO,, and KH,PO, as shown in Table I. The addition of 
donator, methylene blue, and muscle did not change the hydrogen 
ion concentration. 

The effect on the decolorization time with the different donators 
is shown in Chart I, in which the shortest decolorization time is 
taken as 100 per cent activity. 

Specific differences in sensitivity to pH indicate differentiation 

1 Each tube contained: 

0.05 cc. methylene blue 1:5000 
0.15 0.5 m phosphate buffer 
0.20 “* donator (neutralized with KOH) 
0.60 “ redistilled water 
1.00 “ fluid 
200 mg. washed frog muscle 
267 
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of the dehydrogenases, further confirming the hypothesis of 
specificity advanced in previous papers of this series. 


TABLE I 
Hydrogen Ion Concentration of Buffer Mixtures 
0.5 m buffer 
PH of mixture 
KsPO. K:HPO, KH2PO. 

ce. ce. cc. 

10 0 0 12.58 
5 5 0 11.33 
4 6 0 11.12 
2 8 0 10.65 
0 10 0 8.77 
0 9 1 7.75 
0 8 2 7.46 
0 7 3 7.25 
0 6 + 7.15 
0 5 5 6.95 
0 4 6 6.79 
0 2 8 6.52 


Cuart I. Optimum pH of frog muscle. The clear areas represent 90 to 
100 per cent activity; the cross-hatched areas, 60 to 90 per cent activity; 
the black areas, 0 to 60 per cent activity. 


The same procedure was carried out by Collett and Little, in 
this laboratory, with goldfish muscle, a range of pH 6.8 to 11.3 
being used. Their previously unpublished results (Chart IT) show 
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a wide range of activity for the goldfish enzyme as compared with 
that of frog muscle. The range is the same for all donators used, 
indicating an absence of specificity. 


PH 60 7.0 80 9.0 100 11.0 
Suecinic J 
Citric 
Lacte 


Cuart II. Optimum pH of goldfish muscle. The clear areas represent 
90 to 100 per cent activity; the cross-hatched areas, 60 to 90 per cent activity; 
the black areas, fading. 


SUMMARY 


1. The dehydrogenases of frog muscle have a narrow range of 
hydrogen ion concentration for their optimum activity. The 
range differs for each of five donators, indicating specificity of 
these dehydrogenases. 

2. The dehydrogenase system of goldfish muscle has a wide 
range of hydrogen ion concentration for its optimum activity, and 
no specificity is indicated. 


We are most grateful to Dr. Mary E. Collett for constant 
encouragement and guidance. We should like also to express our 
thanks to Miss Elizabeth Little and Miss Ruth Belden for their 
help in making pH determinations. 
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ON THE QUESTION OF THE SPECIFICITY OF THE IN- 
TRACELLULAR DEHYDROGENASES 


V. TOXICITY OF ARSENIC, SELENIUM, AND TELLURIUM COM- 
POUNDS TO THE DEHYDROGENASE SYSTEMS OF 
FROG AND FISH MUSCLE 


By MARY E. COLLETT, MARGARET RHEINBERGER, anv ELIZA- 
BETH G. LITTLE 


(From the Department of Biology, Western Reserve University, Cleveland) 
(Received for publication, December 19, 1932) 


In previous papers we have reported experiments bearing upon 
the specificity of the dehydrogenase systems in frog and fish muscle. 
We have found evidence of specific dehydrogenases in frog muscle, 
as judged by the acceleration of activity by pairs of donators as 
compared with single donators (3), by their different pH ranges 
(4), and by their unequal sensitiveness to arsenate and selenite (2). 
With fish muscle we have found no evidence of specificity in similar 
tests (1, 2, 4). 

In this paper we report further evidence strengthening our 
hypothesis. We have extended the list of poisons studied, and 
have corrected certain errors in buffering, which complicated our 
previous results. 

The method followed is that already described, with the follow- 
ing exceptions. The donators were titrated to pH 7.9 instead of 
to 8.2, and by using a variety of phosphate mixtures we have been 
able to hold the poisons at pH 7.9. All pH determinations were 
made with a quinhydrone electrode. The range of concentration 
is the same as before with arsenate but not with selenite. 

In our previous experiments on frog muscle, arsenate seemed to 
be toxic to all five dehydrogenases, and particularly to /-malase. 
This was due to the fact that we were using the acid salt which 
the buffer was not able to hold within the optimal pH range. Now 
that the pH has been corrected, we find that arsenate, like cacody- 
late, is toxic only to citrase. 
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The data for percentage activity of citrase with arsenate and 
cacodylate are as follows: 


Concentration of poison Arsenate Cacodylate 
0.2 100 100 
0.4 46 60 
0.6 25 40 


Selenate also is non-toxic to most of the dehydrogenases. It 
damages only lactase, and to a slight extent citrase. The following 
tabulation gives the percentage activity. 


0.2 72 100 
0.4 40 80 
0.6 33 73 


In our previous experiments, arsenite and tellurite were dis- 
carded because they caused methylene blue to fade at the alkaline 
pH then used. If the pH is brought down to 7.9 such fading does 
not occur. Arsenite up to 0.4 m is non-toxic to /-malase, but is 
toxic to the other dehydrogenases in the following order: succinase 
> lactase > citrase > glycerophosphorase. Selenite and tellurite 
up to 0.06 m are non-toxic to /-malase and glycerophosphorase, 
but are toxic to citrase > lactase > succinase (Fig. 1). This 
agrees with our previous results on selenite. 

All of these poisons, therefore, are of use in differentiating the 
dehydrogenases. Thus, citrase differs from the other dehydro- 
genases in being somewhat sensitive to arsenate and cacodylate. 
Glycerophosphorase and /-malase are the only ones not sensitive 
to selenite and tellurite; and glycerophosphorase differs from I- 
malase in being poisoned by arsenite. Lactase and succinase may 
be distinguished by their unequal susceptibility to arsenite and 
selenite, and by the sensitiveness of lactase to selenate. 

It does not seem probable that these differences are due to reac- 
tion of the poison with the donator, for none of them reduces 
methylene blue in vacuo in the presence of the donator, and when 
extra donator is added so that the concentration of the donator is 
greater than that of the poison (selenite and tellurite) the toxicity 
is not altered. The reaction must therefore be between poison and 
enzyme. 
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We have also studied three cyclic arsenicals. The toxicity of 
this group is greater than that of the other arsenicals, and follows 
the order: stovarsol > tryparsamide > atoxyl. They are of 
little value in differentiating the dehydrogenases. It is worth 
noting, however, that succinase, which is most sensitive to arsenite, 
is relatively resistant to atoxyl and stovarsol (Fig. 2). 

The case of pyruvase is unique and is therefore presented 
separately. Pyruvate, by itself, reduces 30y methylene blue in 


ACTIVITY 
% 10 75 $0 
Fig. 1. Percentage activity of frog muscle with A, arsenite; B, selenite; 


C, tellurite. represents succinate; — -— - — citrate; — |—|— 
lactate; —O— O— glycerophosphorate; - - - 
pyruvate. 
A 
on 

ACTIVITY 


Fic. 2. Percentage activity of frog muscle with A, atoxyl; B, tryparsa- 
mide; C, stovarsol. The meaning of. the lines is the same as for Fig. 1. 


11 minutes, in vacuo. The addition of washed muscle shortens 
the time to 1 minute, which shows that there is an active pyruvase, 
although its action is partially masked by spontaneous reduction 
of the dye by the donator. At pH 7.9 spontaneous reduction does 
not occur with any other donator, although it may do so in more 
alkaline solutions. Pyruvase is completely resistant to arsenate, 
arsenite, selenate, selenite, and tellurite, but is more sensitive 
than the other dehydrogenases to atoxyl, tryparsamide, and 
stovarsol (Figs. 1 and 2). 
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Further evidence of specificity in the dehydrogenases of frog 
muscle is found in their unequal seasonal variation. The dehydro- 
genases of frogs caught in the fall and kept in the laboratory show 
unequal deterioration as the winter progresses, and do not recover 
even when the frogs are fed on raw liver during the spring. The 
dehydrogenases of frogs freshly caught during the breeding season 


TABLE I 
Decolorization Time in Minutes at Different Seasons by Washed Frog Muscle 


Succinase| Citrase | Lactase “phon l-Malase | Pyruvase 

Oct. 4 10 3 

4 6 3 8 6 1 
4 8 4 9 6 6 
4 8 4 10 10 6 
7 15 5 14 15 

7 30 4 20 12 
25 

wa ll 50 25 17 

5 40 16 16 25 1 


* Summer frogs, freshly caught. 


(April and May) also show unequal deterioration. A month or so 
after the breeding season the dehydrogenases of freshly caught 
frogs (summer frogs) show unequal recovery (Table I). 


ACTIVITY 


Fic. 3. Percentage activity of goldfish muscle with A, arsenite; B, 
selenite; C, selenate. The meaning of the lines is the same as for Fig. 1. 


We have also used some of the poisons (arsenite, selenite, 
selenate) with washed goldfish muscle (Fig. 3). Since the enzyme 
system of goldfish muscle is much less active than that of frog 
muscle, we have used half the usual amount of methylene blue 
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(5y instead of 10y) and half concentrations of the poisons. We 
find that arsenite poisons the enzyme system equally in the pres- 
ence of all four donators, while with frog muscle toxicity varies 
widely with the different donators. Selenite poisons goldfish 
muscle equally in the presence of glycerophosphorate, citrate, 
and lactate but has no effect in the presence of succinate; while 
with frog muscle there is a wide range of toxicity, citrate > lactate 
> succinate > glycerophosphorate. Selenate poisons goldfish 
muscle unequally in the presence of the various donators, citrate > 
lactate > glycerophosphorate > succinate; while with frog muscle 
the order of toxicity is lactate > citrate > glycerophosphorate = 
succinate. The differences in toxicity observed in the presence of 
the various donators are less marked with goldfish than with frog 
muscle, and there is little resemblance in the order of toxicity. 
For these reasons we doubt the presence of specific dehydrogenases 
in goldfish muscle, although we believe that the evidence indicates 
their existence in frog muscle. 


SUMMARY 


1. Frog muscle contains at least six specific dehydrogenases: 
succinase, citrase, lactase, glycerophosphorase, l-malase, and 
pyruvase. 

2. These dehydrogenases may be differentiated by their unequal 
sensitiveness to arsenate, arsenite, selenate, selenite, tellurite. 

3. The cyclic arsenicals used are more toxic than arsenite, but 
are of little use in differentiating the dehydrogenases. 

4. These dehydrogenases differ in the rate at which they de- 
teriorate during winter and spring, and in their rate of recovery 
after the breeding season. __ 

5. Goldfish muscle shows no clear evidence of possessing more 
than one dehydrogenase for the four donators, succinate, citrate, 
lactate, and glycerophosphorate (tested with arsenite, selenite, 
selenate). 
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A COMPARISON OF THE SHAFFER-HARTMANN AND 
HAGEDORN-JENSEN METHODS IN DETERMINING 
POLYSACCHARIDE IN TUBERCULIN* 


By BETTY MUNDAY anp FLORENCE B. SEIBERT 
(From the Otho S. A. Sprague Memorial Institute and the Depariment of 
Pathology, the University of Chicago, Chicago) 
(Received for publication, January 10, 1933) 


The following study was undertaken primarily to determine the 
best method for and the factors bearing upon the quantitative 
determination of the carbohydrate in tuberculin, especially in the 
presence of the tuberculin protein. Since the carbohydrate is the 
chief admixed substance which is difficult to remove from the pro- 
tein during the isolation and purification of the latter, the method 
for determining its presence must be accurate and delicate, in 
order to detect the smallest traces in the presence of large amounts 
of the protein. Furthermore, since the carbohydrate is in the 
form of a polysaccharide, a preliminary hydrolysis must be per- 
formed before reduction of the copper or other metallic salts is 
possible, and because of this preliminary treatment the selection 
of the proper method is more than ever important. 

Previous reports found in the literature, such as those by Ren- 
frew (1), Seibert and Munday (2), and Masucci, McAlpine, and 
Glenn (3), all report the use of the Shaffer-Hartmann (4) copper 
reagent for quantitatively .determining the polysaccharide. 
Before the determination a hydrolysis was performed by heating 
the preparation for 7 hours with about 3 per cent sulfuric acid. 

A pure nitrogen-free polysaccharide isolated by one of the 
authors from a human tubercle bacillus culture filtrate made on 
Long’s synthetic medium, by the second method outlined by 
Masucci, McAlpine, and Glenn (3), when analyzed by the method 
described above appeared as approximately only 44 per cent 
reducing substances, calculated as glucose. This preparation has 


* Aided by a grant from the National Tuberculosis Association. 
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been called in this paper tuberculin polysaccharide. The 44 per 
cent obviously does not represent the real amount of polysac- 
charide present. The explanation of this fact is that a considerable 
portion of the polysaccharide is pentose, as Anderson and Roberts 
(5) and Johnson and Renfrew (6) have shown by actual isolation 
experiments. Pentose does reduce the Shaffer-Hartmann reagent 
but it has low reducing power, a sample of pure arabinose giving 
only 45.5 per cent reducing substances, calculated as glucose (see 
Table I). The Shaffer-Hartmann method was designed primarily 
for determining glucose. Consequently, in a substance such as 
the polysaccharide in question, in which there is a mixture of 
reducing substances possessing variable reducing powers, there 
would be no way of calculating the percentage of each present and 
from these results estimating the total amount of carbohydrate. 
If the proportionate content of pentose were equal in all tuberculin 
polysaccharides, a satisfactory correction might be made, but such 
is not the case, as the recent work of Masucci, McAlpine, and 
Glenn (7) would tend to show. They found the pentose content of 
the polysaccharide made from bovine tubercle bacilli to be practi- 
cally negligible compared with that made from the human or 
timothy bacillus. 

Early in our work, it was noted that the sample of pure nitrogen- 
free polysaccharide mentioned above, when hydrolyzed in the same 
manner as previously described and then analyzed for its content of 
reducing substances by means of the Hagedorn-Jensen (8) ferricya- 
nide reduction method, gave 95 per cent! calculated as glucose. 
A similar increase was found when the pure pentose arabinose, and 
also the pentosan acacia, was analyzed by this method, as 
Table I shows. It is clear then that substances of low and mixed 
reducing powers may be more nearly quantitatively detected by 
means of the Hagedorn-Jensen method than by the Shaffer-Hart- 
mann method. 

On the other hand, the question arises as to whether substances 
other than of carbohydrate nature may not also reduce ferricyanide, 
since it is apparently so sensitive a reagent. Especially has one 
in mind reducing amino acids which may possibly be released 

1A 5 per cent error was the limit of accuracy obtained with both the 
Hagedorn-Jensen and Shaffer-Hartmann methods on the preparations 
analyzed in this paper. 
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during the hydrolysis required to split the polysaccharide into its 
reducing components. Holden (9) has pointed out that, even 
though amino acids do not alone reduce the copper solution, an 
error of 10 to 15 per cent may appear due to the oxidation of the 
amino acids mixed with glucose. 


TABLE I 
Comparison of the Two Methods on Different Carbohydrates 
Per i bstances, 
microcuprous | Jensen method 
Tuberculin polysaccharide..................... 43.9 95.3 
TABLE II 
Comparison of the Two Methods on Three Amino Acids 
Amino acid 
Shaffer- Haged 

Tryptophane 

Phenylalanine 

Proline 


Pure tryptophane, phenylalanine, and proline were studied with 
this idea in mind and tryptophane alone showed considerable 
reduction; i.e., 22 per cent, calculated as glucose, with the Shaffer- 
Hartmann reagent and 59 per cent with the Hagedorn-Jensen 
reagent. When, however, the amino acids were-subjected toa 
preliminary treatment for 7 hours with hot sulfuric acid in exactly 
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the same manner as the polysaccharide-containing substances 
would be treated, the tryptophane showed very little more reduc- 
tion than before the treatment, but the phenylalanine and proline 
now showed an increase in reducing powers, especially when 
determined by the Hagedorn-Jensen method (see Table II). 

Obviously, then, it is necessary to make the quantitative deter- 
mination of reducing substances in the absence of free amino acids 
and reducing substances other than the carbohydrate itself. This 
end result may theoretically be accomplished in either of two ways: 
first, by removing the protein before hydrolysis, or secondly, by 
hydrolyzing first and then precipitating out of the hydrolysate the 
nitrogenous hydrolytic products. Both methods were studied. 

Four precipitants for removing nitrogenous substances either 
before or after hydrolysis were used as follows: 

1. The Folin-Wu (10) reagents were added to the protein solu- 
tion; as recommended by Shaffer and Hartmann (4), 5 cc. of 10 
per cent sodium tungstate and 5 cc. of 3 N H,SO, were added in a 
final volume of 100 cc., and the resulting precipitate was filtered off. 

2. The Somogyi (11) method of adding 8 volumes of Reagent I 
(12.5 gm. of ZnSO,-7H,0 dissolved in water + 125 ce. of 0.25 nN 
H.SO, and made to 1 liter) and 1 volume of Reagent II (0.75 n 
NaOH). This mixture was well shaken and the precipitate re- 
moved by filtering through a dry paper. Or the method of pre- 
cipitating with ZnSO,, recommended by Hagedorn and Jensen (8), 
was used in some cases. 

3. Mercuric nitrate precipitation was carried out exactly as 
described by Shaffer and Hartmann (4) for use with urine, except 
that H.S was used instead of Na,S to remove the last traces of 
mercury. The mercuric nitrate solution was prepared according 
to Patein and Dufau (12). Following this precipitation, the 
Hagedorn-Jensen method could not be used, since the zine present 
in the reagents formed nitrites from the nitrates, thus interfering 
with the iodometric titration. 

4. Mercurie sulfate precipitation (13). A 10 per cent solution 
of mercuric sulfate was prepared by dissolving 73 gm. of red 
mercuric oxide in 1 liter of 4 Nn HeSO,. Equal volumes of this solu- 
tion and the unknown were mixed and the precipitate was filtered 
off. An aliquot of the filtrate was treated with an excess of water- 
washed H.S to remove the mercury, and the excess of HS in 
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turn was removed by aeration. The sample was made up toa 
definite volume and filtered and the filtrate brought just to 
neutrality with solid sodium bicarbonate. 

Precipitation of Nitrogenous Substances before Hydrolysis—In 
this type of experiment, the solid material to be analyzed, 40 to 
160 mg. according to the amount of polysaccharide estimated to be 
present, was put into a small amount of solution. To it were added 
the various precipitants described above, so that the final filtrate 
consisted of about 25 cc. of solution. Of this, 15.6 cc. + 0.5 ce. of 
concentrated H,SO, were hydrolyzed in a boiling water bath for 7 
hours. The solution was then neutralized with NaOH and made 
to 25 cc. The Shaffer-Hartmann microcuprous titration deter- 
mination? was carried out upon 5 cc. samples of this solution and 
the Hagedorn-Jensen determination on approximately 1 ce. 
samples. 

Table III contains the pertinent results obtained by these pro- 
cedures. 

The results in Table III show several facts. In the first place, 
the Folin-Wu reagent does not remove the tryptophane, thus 
allowing it to appear in the filtrate and consequently to give 
erroneous results. This reagent is, therefore, not a satisfactory 
precipitant for mixtures containing free amino acids. 

Since the zinc sulfate precipitation did not remove tryptophane 
even as effectively as did the Folin-Wu reagent, there was no 
advantage in using this method of precipitation. 

The two mercury precipitation methods were effective in remov- 
ing tryptophane, within a 1 per cent error, but they had the dis- 
advantage also of removing polysaccharide and could not, there- 
fore, be used for precipitating preliminary to a hydrolysis, in a 
process aiming to determine the amount of polysaccharide present. 


? The reagent as used was made as follows: 25 gm. of NasCO; (anhy- 
drous), 20 gm. of NaHCO,, 25 gm. of Rochelle salt, 7.5 gm. of CuSO,, and 100 
ec. of 0.1 nN solution of KIO; per liter. 5 cc. of this solution + 5 cc. of un- 
known in a large Pyrex test-tube were covered with a glass bulb and heated 
10 minutes in a vigorously boiling water bath, cooled, and then 1 ce. of 2.5 
per cent KI, 5 cc. of nN H,SOx,, and 1 cc. of 1 per cent starch solution were 
added. The mixture was then titrated with 0.005 n Na.S.O; and the titra- 
tion difference between this value obtained and the value resulting from a 
similar blank determination was divided by 8.5 to give directly in mg. the 
glucose present in 5 cc. of solution. 
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Of these procedures, therefore, the most satisfactory is a pre- 
liminary precipitation with the Folin-Wu reagent followed by a 
hydrolysis. In this way the protein is completely removed while 
at the same time the entire amount of polysaccharide is allowed to 
pass into the filtrate where the reducing content is determined, 
preferably by the Hagedorn-Jensen method. Masucci, McAlpine, 
and Glenn’s (3) contention that reducing substances may be 


TABLE III 
Removal of Nitrogenous Substances before Hydrolysis 


Per cent reducing substances, calculated as glucose 
betance hydrolysed | Pet | 
following ZnSO. | HgSO. Hg(NO,): 
8-H. 8-H. |H.-J. 
Tryptophane......... (20 | 69 16t 24 | 68 0.51.0 0.5 
Phenylalanine....... | 8 | 10 | 6] 13 
3 19 
Tuberculin polysac- 
0 44 | 95 45 15 24 
Tuberculin proteint 
4.6 30 | 57 27 (58 
9.0 11 | 26 |8 (24 
“t 15.2 1 | 10 | 0.4 0.9 


* S.-H. means Shaffer-Hartmann method; H.-J. means Hagedorn-Jensen 
method. 

t These two figures were obtained on tryptophane that had been pre- 
cipitated with the Folin-Wu reagent but the filtrate then was not hydro- 
lyzed, in contrast to all other determinations listed in the table. 

t These fractions represent stages in the purification of the protein and 
were chosen because of the varying quantities of polysaccharide admixed 
with the protein. 


removed by this tungstate reagent, if the precipitation is per-_ 


formed first, is not borne out by the present investigation. 
Precipitation of Nitrogenous Substances after Hydrolysis—In 
this type of procedure, the 12 to 100 mg. of material in 15.6 cc. of 
solution were mixed with 0.5 cc. of concentrated sulfuric acid and 
hydrolyzed for 7 hours in a boiling water bath. The hydrolysate 
was neutralized, made up to 25 cc., and then precipitated by means 
of an equal volume of mercuric nitrate or mercuric sulfate solution, 
as described above, the precipitate discarded, and the filtrate 
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tested for reducing substances by the Shaffer-Hartmann and 
Hagedorn-Jensen methods. The Folin-Wu precipitation method 
was not used in these cases following hydrolysis, since this reagent 
will not remove amino acids. Table IV shows the results obtained. 

The data in Table IV show that the precipitation with the mer- 
cury reagents after hydrolysis does not materially interfere with 
the accuracy of the determination of the reducing content of the 
polysaccharide, whether the polysaccharide was alone or present 
with protein. In other words, as can be seen by comparing Table 
IV with Table III, similar results were obtained, within experi- 
mental error, whether the hydrolysis was performed before mer- 
curic nitrate or mercuric sulfate precipitation or whether it was 


TABLE IV 
Removal of Nitrogenous Substances after Hydrolysis 


Per cent reducing substances, calculated as glucose 
~~ HgSO. Hg(NOs)s 
8.-H.* | H.J.*| S.-H. | H.-J. | S.-H. | H.-J. 
Tuberculin polysaccharide | 0 44 95 43 90 | 42 
Tuberculin protein frac- 
4.6) 30 57 28 63 | 25 
= 9s 9.0; 11 26 9 24 7 
= “4 15.2 1 10 1 2 0.6 


*S.-H. means Shaffer-Hartmann method; H.-J. means Hagedorn- 
Jensen method. 


performed after a precipitation with the Folin-Wu reagent. The 
latter method is, however, simpler and should be used whenever 
one is certain that free amino acids and other reducing substances 
are not present in considerable quantities, as is the case with the 
protein fractions analyzed in this paper. Everett and Sheppard’s 
finding (14) that mercuric salts and alkali do not completely pre- 
cipitate all the nitrogenous substances from biological fluids, must 
be considered in this connection, although from the data above it 
would seem that such non-precipitable compounds are not released 
in significant amounts during the hydrolysis of the tuberculin 
protein. 

This type of investigation is therefore necessary before bacterial 
polysaccharides, as well as other complex polysaccharides con- 
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taining carbohydrate components other than glucose, can be 
determined quantitatively. 


SUMMARY 


The Hagedorn-Jensen ferricyanide method detects reducing 
substances of lower reducing power than glucose (pentose, amino 
acids, etc.) and is therefore more satisfactory when one is analyz- 
ing the tuberculin polysaccharide, which contains a considerable 
portion of pentose, than is the Shaffer-Hartmann microcuprous 
titration method. 

The polysaccharide when alone or in combination with tuber- 
culin protein is not precipitated by the Folin-Wu tungstate rea- 
gent, but is removed to a considerable extent by mercuric nitrate 
or mercuric sulfate. 

The amino acid tryptophane is almost completely removed by 
mercuric nitrate or mercuric sulfate, but not by the Folin-Wu 
tungstate reagent or by zine sulfate. 

The most satisfactory procedures for quantitatively determin- 
ing the tuberculin polysaccharide are, therefore, as follows: (1) 
If the polysaccharide is alone or in combination with whole pro- 
tein, as it usually exists in tuberculin, and if free amino acids or 
other reducing electrolytes are not present in significant amounts, 
a procedure consisting of precipitation by means of the Folin-Wu 
reagent, followed by a hydrolysis for 7 hours with 3 per cent 
sulfuric acid, neutralization, and then a determination of the 
reducing power by the Hagedorn-Jensen ferricyanide reagent, 
yields accurate results, within about a 5 per cent error. (2) If 
free amino acids and other nitrogenous electrolytes are present, 
a hydrolysis followed by the mercuric sulfate precipitation is ad- 
visable. The reducing substances are then determined in the 
filtrate by means of the Hagedorn-Jensen ferricyanide reagent. 
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THE PREPARATION OF ESTERS OF a,a’-BIS-ACETYL- 
AMINOPROPIONIC ACID 


By BEN H. NICOLET 


(From the Research Laboratories of the Bureau of Dairy Industry, United 
States Department of Agriculture, Beltsville, Maryland) 


(Received for publication, January 16, 1933) 


Although the azlactone (I) of a,a’-bis-acetylaminopropionic acid 
reacts normally with ammonia (even in alcoholic solution) to give 
the corresponding amide, with alcohol alone a very different reac- 
tion takes place. In this case, Bergmann and Grafe (1) have 
definitely demonstrated the formation of a-amino-a’-acetylamino- 
propionic acid (II) and have concluded, although apparently 
somewhat tentatively, that this is a further, though somewhat 
unexpectedly extreme, case of migration of an acyl group from a 
nitrogen atom to an oxygen atom on an adjacent carbon atom, under 
the influence of an acid reaction (in this case particularly mild) of 
the medium. The only ester they reported was the methyl ester 
((II) R = CHs), prepared by the action of diazomethane. 


NHCOCH, 
CH,C CO CH,C(NHCOCH,),CO;R 
NH; 
N: CCH; 
I ‘Il Ill 


This interpretation is confirmed by the present work, in so far 
as it is shown that, in the presence of a suitable alkali (which, in 
terms of the Bergmann theory (2, 3) should encourage migration 
from oxygen to nitrogen) alcohols give the expected reaction; that 
is to say, they form esters of the bis-acetylaminopropionic acid. 

When the azlactone (I) was treated with absolute alcohol 
containing an excess of diethylamine, the only product isolated 
was the ethyl ester ((III) R=C.Hs). When methyl alcohol was 
287 
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used as the solvent, the product was identical with the methyl 
ester which Bergmann and Grafe (4) obtained by the use of diazo- 
methane. That the reaction is a most general one is shown by the 
fact that when the azlactone was allowed to stand with benzene 
containing p-tolylmercaptan and an excess of diethylamine, a good 
yield of the thiol ester, CH;C(NHCOCH;),COSC.H,CHs, was 
obtained. 

Without the demonstration by Bergmann and Grafe (1) of the 
anomalous reaction quoted above, these results would be quite in 
accord with normal expectation, or at most an unnecessary addi- 
tional demonstration of the relative inactivity of the hydrogen 
atom attached to nitrogen in a secondary amine, as compared with 
those of a primary amine. In consideration of this demonstra- 
tion, however, these results complete the evidence that the motiva- 
tion by hydrogen ion concentration of the migration of acyl groups 
from nitrogen to oxygen, and vice versa, established by Bergmann 
and his coworkers (2, 3) for the case of adjacent amino and 
alcoholic groupings, may be applicable also to suitable derivatives 
of a-amino acids, in which the hydroxy] of the carboxyl group takes 
the place of the alcoholic hydroxyl group originally considered 
necessary for the reaction. 

EXPERIMENTAL 


Ethyl _ bis-acetylamino- 
propionic acid (1) was converted to the azlactone by heating with 
acetic anhydride, and the residue after evaporation under reduced 
pressure was used for all reactions requiring the azlactone. When 
the crude azlactone was treated with absolute ethyl alcohol con- 
taining about twice the equivalent quantity of diethylamine the 
solution, after standing for 2 hours, evaporated to dryness, and the 
residue crystallized from benzene, the ethyl ester of a,a’-bis- 
acetylaminopropionic acid was obtained. The substance was 
moderately soluble in hot benzene, and was most easily purified 
from this solvent. The pure material melted at 156-157°. 

Analysis (Kjeldahl) 

CsHO.N2. Calculated, N 12.96; found, N 12.75, 12.90, 13.04 

The corresponding methyl ester, similarly obtained, melted at 
186-187°. The previous preparation, from the acid and diazome- 
thane, is reported (4) as melting at 186°. 
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p-Tolylthiol Ester of «a,a'-Bis-Acetylaminopropionic Acid—The 
crude azlactone was treated with 1 equivalent of p-tolylmer- 
captan and a moderate excess of diethylamine, both dissolved in 
benzene. The product, recrystallized from alcohol, formed hexa- 
gonal prisms which melted at 205-206° with only slight decomposi- 
tion. The yield was good. 


Analysis (Kjeldahl) 
C.4H,s0;N.8. Calculated, N 9.52; found, N 9.59, 9.58 
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THE DETERMINATION OF LACTIC ACID* 


By THEODORE E. FRIEDEMANN anp JAMES B. GRAESER 
(From the Department of Medicine, University of Chicago, Chicago) 
(Received for publication, November 25, 1932) 


In previous papers (1, 2) the conditions for the oxidation of 
lactic acid to acetaldehyde, quantitatively, and the accurate deter- 
mination of the latter, were described. It was found that the 
oxidation to acetaldehyde appears to depend upon factors such as 
the concentration of oxidizing agent added, the acidity of the solu- 
tion, the concentration of MnSQ,, and probably also the amount 
of lactic acid oxidized. The maximum yields were obtained with 
very dilute solutions of oxidizing agent and a high concentration 
of MnSO,. From these studies we were of the opinion that the 
conditions necessary for the maximum yield of acetaldehyde were 
also those which tended to reduce the oxidation potential of the 
oxidizing agent. We described procedures for the determination 
of lactic acid, based upon these studies, which in our hands we 
had found to give the best results at that time. 

Peculiar difficulties have since then arisen. The proximity to 
pathological laboratories, in which formaldehyde and acetone 
were being used, and an unusually cold water supply during the 
winter months, which made the reflux condensers too efficient, 
forced us to abandon the aeration procedure first recommended. 
The oxidation and distillation, which we now use and which is 
described in this paper, is similar in many respects to the older 
published methods of Boas (3) and von Firth and Charnass (4). 
In order to obtain maximum and reproducible results the oxidation 
must be carried out under certain prescribed conditions. Since 
the bisulfite-binding substances produced by oxidation of sub- 
stances other than lactic acid are not completely removed by a 
condenser, as in the aeration procedure of Friedemann, Cotonio, 


* This study was supported by grants from the Bartlett Memorial Fund 
and the Douglas Smith Foundation for Medical Research, University of 
Chicago. 

291 


XUM 


292 Determination of Lactic Acid 


and Shaffer (1), it becomes necessary not only to remove the inter- 
fering and error-producing substances before oxidation but also 
to regulate the conditions of the oxidation itself more carefully. 

The procedure described in this paper has been used in our labora- 
tory for more than 3 years, during which time analyses were made on 
such materials as meats, tissues, culture media, blood, urine, and 
milk. The boiling and oxidation require only 15 minutes. The 
titration of bound sulfite has been somewhat improved. The use 
of standard iodine-potassium iodide, which must be standardized 


Fig. 1. Assembly of the units of the apparatus used for lactic acid 
determination. 


frequently, has been discontinued, and solutions prepared from 
stock 0.100 n KIO; substituted. By this procedure the yields 
from pure solution, or the recovery of lactic acid added to such 
materials as culture media, are 99 + 0.5 per cent. 
Description of Method 
Apparatus 

Although the ordinary Kjeldahl nitrogen still and flasks may 

be used, this is not recommended because of the longer time of 
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boiling necessary and because a larger volume of distillate must 
be collected to wash down the aldehyde in the condenser tube. 
For small quantities, such as are present in blood and culture 
media, we recommend a smaller apparatus, similar to the one 
illustrated in Fig. 1. It consists of a 300 ec. Kjeldahl flask, a 
nitrogen bulb, and a small separatory funnel fitted into a 2-hole No. 
5 rubber stopper, an 8 inch condenser jacket through which passes 
an 18 inch length of thin walled block tin tubing, a 2-hole No. 8 
rubber stopper, and a 150 cc. extraction flask. The units are 
assembled as shown and fastened to the support by only one 
burette clamp. No clamp is needed for the Kjeldahl flask. Heat 
is applied by means of microburners. 


Reagents 

Oxidizing Agent—Either KMnQ, or colloidal MnO, may be used. 
The colloidal MnO, of 0.02 to 0.01 N strength is preferred. It 
may be prepared by methods previously described (2). 

Phosphoric Acid-Manganese Sulfate Reagent—100 gm. of 
MnS0O,-4H,0 (the ordinary salt) are dissolved in about 500 cc. of 
warm water. To this are added 25 cc. of syrupy phosphoric acid 
(85 per cent, 15 m). The solution is cooled and diluted to a vol- 
ume of approximately 1 liter. 

Talcum—Finely powdered tale. 

Sodium Bisulfite—25 gm. are dissolved in 2 liters of water. 
The solution should be kept in a stoppered bottle. 

Alkali to Liberate Bound Bisulfite—(a) A saturated NaHCO, 
solution; (b) a 10 per cent solution of Na,CO;. 

Starch Indicator—5 gm. of arrowroot starch are suspended in 10 
to 20 ce. of cold water and poured into 500 cc. of boiling water; 
500 cc. of hot water are added and boiling is continued for 15 
minutes. The flask is covered with a beaker, cooled, and kept in 
the refrigerator. The supernatant clear solution only is used. 
The solution will keep several weeks if care is taken to avoid 
bacterial growth. If contamination occurs (which may take 
place in a few hours in warm weather) the end-point with dilute 
iodine (0.002 n) is pink instead of blue. 

Strong Iodine Solution—40 gm. of iodine and 75 gm. of KI are 
dissolved in a small quantity of water and the volume is brought up 
to about 2 liters. The solution is used to oxidize the excess bi- 
sulfite. 
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Standard Iodine Solution—The weak iodine solutions (0.01 to 
0.002 n) may be prepared either by dilution of a standard iodine 
solution or by liberation of iodine from 0.1 N iodate + KI. The 
latter method is preferred because of the permanence of iodate 
solutions. 0.1 N KH(IO;)2 solution contains 3.2496 gm. per liter. 
0.1 n KIO; contains 3.567 gm. per liter. 

5 to 10 gm. of c.p. KI, about 200 cc. of cool, distilled water, and 
2 to 5 ce. of 5 nN H,SO, are placed in a volumetric flask. Standard 
iodate is added and the volume is brought almost to the mark with 
cooled water. It is then warmed to 20° and the volume adjusted 
to the mark. Iodine, it should be remembered, is volatile even 
from dilute solutions. Dilute solutions should be kept cool for 
this reason. 

Sodium Thiosulfate—An approximately 0.1 N solution. 

Lactic Acid Standard—Kither zinc lactate, Zn(C;H;0;)2-3H,0, 
or lithium lactate, LiC;H;0;, may be used. The latter is pre- 
ferred because this salt is anhydrous and not hygroscopic. The 
preparation of pure dl-zine lactate has already been described 
(1, 2). The lithium salt is prepared as follows: 

v.s.P. lactic acid (85 per cent) is diluted with an equal volume of 
water and a few drops of phenol red indicator are added. Satu- 
rated (approximately 20 per cent) lithium hydroxide or LiCO, 
(the former is preferred) solution is added to slight excess, as is 
indicated by the phenol red. The solution is heated to boiling and 
the alkali is again added to slight alkalinity. It is now cooled. 4 
volumes of 95 per cent alcohol are added and after cooling for 
some time, the mass of crystals is filtered off on a Buchner funnel 
and washed thoroughly with 95 per cent alcohol. This preparation 
is recrystallized from water and dried at 100°. 

9.60 gm. of lithium lactate are transferred to a 1 liter volu- 
metric flask. Enough H,SO, is added to bring the final concen- 
tration to 0.2 n when diluted to the mark. This 0.1 m lactic 
acid standard will keep for at least 1 year, provided it is kept 
away from strong light or stored in a refrigerator. 

Copper Sulfate Solution—200 gm. of CuSOQ,-5H:O are dissolved 
and brought to a volume of 1 liter. 10 cc. are used for every 250 
cc. final volume; or 4 cc. for every 100 cc. 

Calcium Hydroxide Suspension—1 kilo of fresh unslaked lime is 
slaked with water and immediately afterward sufficient water is 
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added to bring the volume to approximately 5 liters, The sus- 
pension is thoroughly shaken, allowed to stand for a few seconds, 
and decanted from the coarser particles. 10 cc. of this suspen- 
sion are used for every 250 cc. final volume, or 4 cc. for every 
100 ce. 

Preparation of Sample for Analysis 

Blood and Milk'—The proteins are removed by any of the com- 
moner procedures, such as, for example, the Folin-Wu (tungstic 
acid) or the Somogyi (Zn(OH).). The latter is preferred for milk. 
The sugars are removed by precipitation with CuSO, + Ca(OH). 
(Van Slyke) which also removes citric, succinic, malic, maleic, and 
tartaric acids, quantitatively, and other substances partially, 
which would otherwise give sulfite-binding substances on 
oxidation.? 

10 ce. of the sample are added to exactly 70 ec. of ZnSO.-H,SO, 
reagent (14 gm. of ZnSO,-7H:O per liter and H,SO, to +0.1 N 
strength). Exactly 20 ce. of a standard NaOH solution (adjusted 
to give a distinctly alkaline reaction to phenolphthalein when 
added to 70 cc. of the ZnSO,-H,SO, reagent) are now runin. The 
contents are mixed thoroughly and then either centrifuged or 
filtered. Centrifugation is preferred, as explained below. An 
aliquot, 40 cc., is transferred to a 250 cc. volumetric flask. 10 
ec. of CuSO, solution and 10 ec. of Ca(OH): suspension are added, 
and after being mixed by rotation, the volume is brought to the 
mark. Centrifugation is again preferred. Aliquots representing 
at least 0.5 ec. of blood or milk are taken for analysis. 0.002 nN 
iodine is used in the titrations. 

Urine—A 10 to 25 cc. sample is run into a 250 cc. volumetric 
flask, the required amounts of CuSO, and Ca(OH), reagents are 
added, and the volume is brought to the mark. An aliquot of the 
filtrate, representing not more than 5 ce. of urine, is used for 
analysis. 0.005 Nn iodine solution is used for titration. 


1 Data showing the lactic acid content of milk and tissues are not pre- 
sented in this paper, but the procedure is described here for the sake of 
completeness. Studies in which these procedures are used are now in 
progress and will be reported in future papers. 

? For a list of biochemically important compounds which may affect the 
lactic acid values see the following: Friedemann, Cotonio, and Shaffer (1); 
Friedemann and Kendall (2), foot-note p. 31; Friedemann (5). 
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Culture Media—Since bacteria grow so rapidly and produce 
such great changes in only a short time the analyses should either 
be carried out immediately or all metabolic activities stopped by 
strong acidification. Analyses on this acidified sample may then 
be carried out at any convenient time. Where, as is usually the 
case, culture media do not contain large amounts of protein, it is 
not necessary to deproteinize before adding the copper-calcium 
reagents. 

25 ec. of the culture are pipetted into a 250 cc. volumetric flask 
which contains 25 cc. of N H,SO,. The volume is brought to the 
mark. This acidified sample will keep indefinitely if stored in the 
refrigerator. 25 cc. are pipetted into a 250 cc. volumetric flask. 
To this are added about 150 cc. of water, 10 cc. of CuSO, solution, 
and 10 ce. of Ca(OH): suspension. The contents are mixed by 
gentle rotation. The volume is brought to the mark. The 
contents are mixed thoroughly and finally filtered through a dry 


fluted filter. An aliquot representing not more than 0.5 cc. of . 


culture medium (more may be taken if the peptone content is less 
than 1 per cent) is taken for analysis. 0.005 N iodine is used for 
titration. 

Tissues'—Due to the rapid postmortem changes occurring in 
tissues, a number of procedures, all of which aim to stop enzyme 
action either by cold (liquid air) or precipitants (HgCl. + HCl, 
trichloroacetic acid, etc.), have been proposed. The following 
simple procedure has given good results in lung and skin tissues 
taken from animals immediately after death. 

Weighing bottles, each containing a short very thin glass rod, 
and 10 cc. (pipette) of Nn H,SO,, are numbered and tared. The 
tissue is immediately either ground in a meat chopper (lung) or 
rapidly cut into very small pieces with a sharp pair of scissors 
(skin). An approximately 10 gm. aliquot is then transferred to 
the tared weighing bottles and immediately thoroughly stirred 
with the acid. The time elapsing from removal from the animal to 
acidification is usually not more than 1} minutes. The weighing 
bottle is now weighed. 

In the case of lung tissue the contents of the weighing bottle 
are emptied into a large (8 inch diameter) mortar which contains 
50 gm. of sand. The weighing”bottle is washed with three 10 cc. 
(pipette) portions of distilled water. The tissue is then ground 
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- thoroughly after which 10 ce. of 10 per cent ZnSO,-7H,0 (6) 


are added and the grinding is again resumed in order to mix thor- 
oughly. A measured volume of approximately n NaOH (deter- 
mined by previous titration of 10 cc. of the n H,SO, + 10 ce. of 
the ZnSO, solution + 80 cc. of H,O and phenolphthalein in- 
dicator) is now run in from a burette; the mixture is continually 
stirred during the addition. Sufficient distilled water is added 
to make a 10-fold dilution. After being mixed thoroughly again 
and allowed to stand (covered) about 30 minutes, the contents are 
filtered through a dry filter. 

Skin samples may be treated differently. Grinding apparently 
does not greatly alter the results. This may be due either to the 
relatively slow metabolic changes or to the rapid penetration of the 
acid. 30 cc. of water are added to the contents of the weighing 
bottle and the tissue is allowed to stand 2 hours in the refrigerator 
with frequent stirring. Zine sulfate, alkali, and water are added 
as described above. This mixture is allowed to stand an addi- 
tional 2 hours, during which it is frequently stirred, before filtra- 
tion. 

Sugar may be determined directly on these Zn(OH), filtrates. 
For lactic acid determination it is necessary to treat further with 
CuSO, + Ca(OH): as described for blood. 


Procedure 


10 cc. of Hs;PO.-MnSO, reagent and a pinch of talcum are 
placed in a 300 cc. Kjeldahl flask. The material to be analyzed is 
next added. The total volume is brought to about 100 cc. and the 
flask is attached to the apparatus. 10 cc. of sodium bisulfite 
solution are placed in the 150 cc. extraction flask. The micro- 
burners are adjusted to bring the solution to boiling in about 3 
minutes (height of flame 3 to 3} inches). 

The addition of oxidizing agent is begun as soon as vapors begin 
to pass into the condenser.’ The rate of addition is unimportant, 
but it is essential to have an excess of oxidizing agent from the be- 


’ Normal blood contains no demonstrable quantities of volatile sulfite- 
binding substances. Normal urine, however, contains from 10 to 25 per 
cent of such substances. Where it is desirable to correct for their presence 
distillation of a separate slightly acidified aliquot (by H,SO,) is recom- 
mended. 
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ginning up to the end of the distillation. This excess is indicated 
by a brown or reddish brown (but not gray) color. In order to 
insure an excess we recommend a continued slow addition of the 
colloidal MnO, throughout the oxidation. From 25 to 40 ce. are 
usually necessary. Although practically complete in 10 minutes, 
the results occasionally are low in this period. For this reason we 
recommend a 15 minute period of oxidation. 

The receiving flask is detached from the stopper and lowered to 
the shelf a few minutes before the end of the oxidation. The glass 
tip is rinsed with a small amount of water and the flask is removed 
for titration. The total volume of distillate and washings is 50 
to 75cc. The receiving flask should be cooled in a shallow pan of 
ice water before the titration is carried out.‘ This precaution 
appears to be necessary in hot weather. It is not necessary when 
the temperature of the room is below 25°, although we do it even 
then. 

The removal of the excess bisulfite and titration of acetaldehyde- 
bisulfite are accomplished according to the Clausen method (7). 
1 to 2 ce. of clear starch solution are added. Strong iodine-KI 
solution is then added to slight excess. This is immediately 
removed by the cautious addition of thiosulfate. The walls of the 
flask are now washed down by a thin stream of water, after which 
the end-point is adjusted to a faint blue by means of the dilute 
standard iodine solution. The flask is returned to the cooling bath 
and the contents of the other flasks are adjusted to this same end- 
point. Since our equipment enables us to make twelve deter- 
minations at a time and since the cooling pans can conveniently 
accommodate these flasks, we adjust all of the determinations to 
this end-point at the same time. This requires from 5 to 10 min- 
utes and also allows the flasks first adjusted to become further 
cooled. 

The bound bisulfite is now titrated. Approximately 15 cc. 
of saturated NaHCO; are added. The dilute standard iodine 
solution is run in rapidly, or at such a rate as to keep pace with the 
decomposition into aldehyde and bisulfite. When this slows up 
1 ce. of 10 per cent NaeCO; is added and the addition of standard 
iodine is continued until the end-point is permanently faintly blue. 


‘ See the discussion below (p. 307). 
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To insure a true end-point 1 cc. more of the NazCO; solution is 
added. The standard iodine is added again if necessary. The 
end-point should persist for at least 4 minute. 

Blanks—Oxidations with pure water always yield a small 
blank. We have found these to be almost proportional to the 
concentration of standard iodine used. A recent series, for ex- 
ample, gave an average of 0.18 and 0.44 ce. with 0.005 and 0.002 
n I, respectively. Filtrates always yield a higher blank. The 
filter paper apparently either contains lactic acid or a substance 
which gives an analysis similar to lactic acid (8).5 It is small and 
variable in acid filtrates, but is largest and quite constant in neutral 
or alkaline filtrates. Closely checking results may be obtained with 
the same size and brand of filter paper. Although the error is negli- 
gible when larger quantities are analyzed, the results may be at 
least 5 per cent too high when less than 0.2 mg. of lactic acid is 
analyzed. In the latter case (blood, for example) if filtrates are 
analyzed, we recommend carrying the blanks through the same 
operations with the same aliquots, filter paper, etc., throughout. 
On the whole, however, we find centrifugation as suggested by 
Avery and Hastings (8) more satisfactory for such samples. 

Calculations—Each cc. of 0.01 N iodine solution used in the 
titration of bound sulfite is equivalent to 0.45 mg. of lactic acid 
(1, 7). 

Effect of MnSO, 

The effect of MnSO, and its probable function have been dis- 
cussed at considerable length in previous papers (1, 2). Its 
presence allows a more rapid addition of oxidizing agent, a shorter 
oxidation period, and higher and more constant results. It ap- 
pears also to protect the evolved acetaldehyde from further oxida- 
tion when other substances, particularly nitrogenous compounds, 
are being oxidized simultaneously. 

The results shown in Table I illustrate its beneficial effect. 
From a yield of approximately 87 per cent (the same as obtained 
by the older methods (4, 7)), the results rapidly increase until they 
approach the maximum at about 0.25 per cent MnSO, concen- 
tration. We recommend a concentration of at least 1 per cent. 


5 Dr. A. B. Hastings (8), who first called our attention to this, finds that 
filtrates produce sulfite-binding substances as well as CO, on oxidation. 
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Culture media and urine are perhaps the most difficult to analyze 
since they contain a very great variety of different substances, 
most of which cannot be removed by the usual precipitation 
methods without also removing some lactic acid. Analysis of 
these with and without added MnSQ, are shown in Table II. 
The values (Columns 3 and 6), with only one exception, are greatly 
increased by the presence of MnSQ,. 

Equally striking increases are also obtained in the yield of 
added lactic acid (Columns 4 and 7, Table II). From an average 


TABLE I 
Effect of MnSO, Concentration 


With the exception of the standard, all analyses were made on the CuSO, 
+ Ca(OH) filtrate. 


10 per cont Urine A goo 
4.5 mg. lactic acid. 
ution 
added | Lactic acid | Pereentof | tacticncid | Per gent of 
ce. mg. per cent mg. per cent per cent 
Non (6) 10.7 | 69.54 4.5) (6) 169 | 73.5 + 2.8) (8) 87.14 3.3 


e 

0.1 (4) 13.9 | 90.3 + 16.0! (4) 186 | 80.9 + 1.3) (8) 89.3 + 4.6 
0.5 (2) 14.1 | 91.54 0.5) (2) 216 | 94.0 + 0.9) (8) 95.8 + 0.8 
1.0 (2) 15.2 | 98.74 1.5) (2) 217 | 94.5 + 0.3) (6) 95.94 0.9 
2.5 (2) 15.5 |100.0 + 6.5) (2) 226 | 98.3 + 0.4) (6) 98.2+0.3 
5.0 (2) 15.5 |100.0 + 1.5) (2) 230 | 100.0 + 1.5) (8) 98.4+0.6 
10.0 (2) 15.4 | 99.3 2.5) (2) 230 | 100.0 + 0.9) (8) 99.2 + 1.2 
20.0 (8) 99.0 + 1.5 


The figures in parentheses represent the total number of determinations 
made. The “Percent of maximum”’ data also show the maximum variations 
from the average of all of the determinations made. 


recovery of about 60 per cent of the added lactic acid, the yield 
was increased to about 98 per cent by the oxidation of the cul- 
ture medium, Sample 2, with MnSO, present. An extreme in- 
stance of this is illustrated by Urine C. Only about 20 per cent 
was recovered when the sample was oxidized without MnS0O,; 
however, added MnSO, increased this to 88 per cent. 

These results raise a question as to the nature of “lactic acid” 
in urine determined by this or other methods. According to 
Friedemann and Kendall (2) direct determination of lactic acid 
on the CuSO, + Ca(OH), filtrate of urine is only slightly higher 
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than on the ether extract. In the latter case there is always a 
loss of lactic acid due to oxidation by organic peroxides formed 


_ during extraction and evaporation; volatilization of aldehydes, 


which are always present, also may occur during evaporation. 
The results in Column 6, Table II, are, therefore, perhaps as 
reliable as any obtained on ether extracts. 

To test whether this ether-soluble material is lactic acid, the 


-_ culture medium and Urine C were inoculated with a loop full of 


TABLE II 


Analysis of Culture Media and Urine. Effect of MnSO, on Recovery of 
Added Lactic Acid 


All analyses were made on the CuSO,-Ca(OH), filtrate. 


ithout added 


Description of sample 
|g 


33 3| 8 


Serum-peptone-glucose- 
broth medium, Sample 2. .|112.5) 1.0 |156.2\217.7) 54.7/221.6 
Sample 2, 10 days after inoc- 
ulation with loop full of 


225.0) 0.5 | 38.3|186.7| 66.0) 31.5/251.5) 97.8 
36 | 7.7) 25.4) 49.2) 8.2) 42.2) 94.4 

“ immediately ana- 

36 | 7.4) 14.8) 20.3) 9.8) 41.7) 88.6 
Urine C, 5 days after inocu- 

lation with loop full of feces | 36 | 5.0 | 5.8) 12.9) 19.7] 9.5) 41.2) 88.0 


feces. Incubation at 37° produced heavy growth in both. Much 
lactic acid was formed from the sugar in the culture medium. This 
newly formed lactic acid and the acid initially present in the cul- 
ture medium were largely removed by the bacteria. However, 
in spite of heavy growth, none appeared to have been removed 
from the urine. We may therefore question whether lactic acid is 
present in measurable amounts in a normal resting urine. 

In addition to higher results in an unknown mixture and greater 
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recovery of added lactic acid, still another advantage may be 
claimed for the use of MnSO,. In Table I it will be noted that the 
fluctuations are large when no catalyst is used, but that they 
become smaller as the MnSO, concentration is increased. The 
greater constancy and the almost quantitative yield make it 
possible to obtain fairly accurate results with fewer determinations 
and without the use of a factor in the calculations. 

According to Boyland and Gerard and Meyerhof (9) equally 
satisfactory results may be obtained without the use of MnSQ,. 
These authors have obtained excellent results by careful addition 
of KMnO, during an oxidation period of 20 to 30 minutes. This 
is also in accord with our own experience with fresh muscle and 
blood, which contain relatively less non-protein nitrogen, ete. 
than such solutions as culture media and urine. As shown above, 
the presence of MnSO, is necessary when more complex materials 
such as culture media and urine are to be analyzed. We recom- 
mend its use in every determination. Certainly no time is lost 
by its addition, since it is added with the acid. Its use is justified 
because of (1) the shorter oxidation period, (2) because relatively 
wide limits in concentration of the oxidizing agent and the rate of 
its addition are permissible, (3) because of the higher yields, and 
(4) the smaller fluctuations among determinations. 


Size of Sample 


The procedure here described applies to samples containing 
quantities of lactic acid up to about 10 mg. Larger amounts of 
lactic acid require a greater concentration of MnSO, and stronger 
oxidizing agent. If sufficient material is available, our custom 
has been to analyze from 2 to 5 mg. The final titration then 
requires at least 5 cc. of 0.01 or 0.005 N iodine. The color changes 
are sharper with these stronger iodine solutions. However, this 
often requires a very large sample; and the interfering substances 
may then introduce a large error. Examples of this are shown in 
Table IIT. 

Aliquots were chosen so that approximately 1 to 3 mg. might be 
analyzed. This required from 1 to 2 ce. of the culture media and 
at least 10 cc. of urine. Considerable increases were noted in 
every instance when only one-half as much was analyzed (see 
Columns 3 and 7). 
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The effect on added lactic acid is shown in Columns 4 and 8. 
Here the larger aliquots, with only one exception, caused a lower 
recovery. Merely reducing the size of aliquot to one-half in- 
creased the recovery. The most striking increase is shown by 


TABLE III 
Analysis of Culture Media and Urine. Effect of Size of Sample on 
Recovery of Added Lactic Acid 
All analyses were made on the CuSO,-Ca(OH), filtrate. 


1 per cent peptone + 
0.3 per cent meat 
ee 45 | 2.0) 51.2) 94.8) 96.9 

Serum-peptone-glu- 
cose-broth culture 
medium, Sample 3...; 45 | 1.0/236.0/279.0) 95.5) 0.5 |240.7/285.7/100.0 

Serum-peptone-glu- 
cose-broth culture 


medium, Sample 4...) 90 | 1.0/237.4/326.5| 99.0) 0.5 |241.3/331.6)100.3 
18 | 10.0} 9.5) 23.6) 78.3 

18 | 10.0} 6.7) 22.8) 89.5) 5.0 | 7.1) 25.0) 99.4 

18 | 10.0) 11.9) 23.7) 65.5) 5.0 | 15.5) 32.4) 93.9 

18 | 10.0) 32.4) 47.9) 86.1) 5.0 | 35.1) 52.7) 97.8 


* Volatile sulfite-binding substances obtained by distillation of the CuSO, 
+ Ca(OH), filtrate acidified by H;sPO, were equivalent to 1.0 mg. per cent 
of lactic acid. The values for “lactic acid’’ shown above are not corrected 
for these preformed volatile sulfite-binding substances. 

t Volatile sulfite-binding substances were equivalent to 3.1 mg. per cent 
of lactic acid. 


Urine F. The recovery of added lactic acid was only 65.5 per 
cent when an aliquot of the CuSO,-Ca(OH), filtrate equivalent to 
10 ce. of urine was analyzed. Analysis of 5 ce. increased this to 
93.9 per cent. 
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The importance of testing the procedure for every type of 
material analyzed is evident from these data. Thus, no matter 
how small the lactic acid content may be and however desirable 
it may be to take a proportionately large sample, a knowledge of 
the maximum size of sample is necessary. These data indicate, 
for example, that not more than 0.5 cc. of culture medium and 
not more than 5 cc. of urine should be analyzed. 


Effect of Acid Concentration 


Although the acidity of the contents of the reaction flask, to 
which a known quantity of pure lactic acid solution has been 
added, may vary widely without greatly affecting the yield, its 
regulation within rather narrow limits is necessary when other 
organic substances, especially certain nitrogenous compounds, are 
present (2). This is shown in Table IV. 

Oxidations were carried out on the CuSO, + Ca(OH) filtrates of 
culture media and urine. A few determinations were also made 
directly without previous precipitation, ete. The H;PO.-MnS0O, 
reagent and the concentration recommended by the authors were 
used in one of the series. Two other series were set up, sufficient 
H.SO, being added to bring the total acid concentration to 0.1 and 
1 N,respectively. Two types of procedure were used in carrying out 
the oxidation: the aeration method of Friedemann, Cotonio, and 
Shaffer and simple distillation, as outlined above. 

In reference to Columns 2 and 3, the results show no striking 
differences between the aeration and distillation methods when 
carried out on the untreated samples. Data not cited here, how- 
ever, show large differences when stronger acid is used. The 
aeration procedure gives lower values at the higher acid concen- 
tration. The oxidation at this low (H;PO,) acidity is apparently 
so mild as to yield none of the higher aldehydes which would be 
removed by the reflux condenser in the aeration procedure. 

Removal of the sugars (citric acid, ete.) by CuSO, + Ca(OH). 
appears to have only a slight effect on the results by these two 
procedures (Columns 4 and 5), illustrating again the mildness of 
the oxidation in the presence of H;PO,. 

Increasing the acidity with 0.1 N H.SO, gives slightly higher 
values than with the H;PO, (Columns 6 and 7). Here again the 
type of sulfite-binding substances appear to be the same; 7.¢., 
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the results practically agree whether obtained by aeration or dis- 
tillation. 


TABLE IV 
Analysis of Culture Media and Urine. Effect of Acid Concentration 


The results are expressed as mg. of lactic acid per 100 cc. 


Direct, no CuS0O.-Ca(OH): filtrate 
treatment 
Quan- HsPO: 
Material tity HsPO, 0.1 HsSO. 


ana- 

lyzed | Aera-| Distil- | Aera- |Distil-| Aera- |Distil-| Aera- | Distil- 
tion | lation | tion |lation/ tion | lation; tion | lation 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 


1 per cent peptone 
cs 5.00} 5.5) 4.9] 5.5) 3.9 
1 per cent peptone + 
0.3 per cent meat 
1.00) 43.8) 47.8 | 42.5) 42.1) 44.6) 44.7) 64.5)108+ 
Same 18 hrs. after 
inoculation with 


Bacillus coli....... 1.00 40.8) 40.1) 39.9) 43.4) 58.1) 77+ 
Same 7 days after in- 

oculation with Ba- 

ctllus colé.......... 1.00 7.4, 7.4) 12.4) 10.1) 23.9) 28.1 
Serum-peptone-glu- 


cose-broth culture 
medium, Sample 1* | 1.00/246 (233 (235 (239 (236 (257 (286+ 
1l 


10.0 .O} 11.7) 12.7) 12.8) 22.1) 32+ 

10.0 84 | 85 |105 (|115 
Blood from dog. A 

Amytal anesthesia..| 1.00) 12.8t] 7.9| 7.5} 8.0} 8.6) 9.2) 9.0 


* Meat infusion + 1 per cent peptone + 0.2 per cent phosphate; adjusted 
to pH 7.8; + 1 per cent glucose + 2 per cent rabbit serum. 

+ CuSO,-Ca(OH), filtrate, pale green, suggesting incomplete precipita- 
tion. 

t Folin-Wu filtrate. 


Normal H.S0,, however, greatly increases the sulfite-binding 
substances, and it is apparent that the determination is impossible 
by any procedure at this acidity on such complex materials. 
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As has been shown previously (2) an increased acidity has many 
effects. Its effect is most marked when carried out on samples 
which contain much nitrogenous and other interfering materials. 
The high acidity first of all decreases the yield from pure lactic 
acid solution. Secondly, the yield is further decreased by the 
presence of certain interfering substances, the effect becoming 
greater the higher the acidity. And thirdly, the interfering sub- 
stances themselves may yield sulfite-binding substances, thus 
giving false high values. These effects, especially the first two, 


TABLE V 
Analysis of Whole Blood and Serum. Comparison of Methods 
The results are expressed as mg. of lactic acid per 100 cc. 


Wo0, filtrate 
WoOw filtrate | 
No. Description of sample 
Aera- | Distil- | Aera- | Distil- 
tion lation tion lation 
1 Human whole bloodt 13.5 10.8 
2 13.1 | 10.1 | 10.4 
3 13.1 9.8 
4 16.0 12.3 
5 17.1 13.4 
6 Sheep ag - 16.6 | 18.8 | 16.1 | 14.8 
7 44.9 | 44.7 
8 Dog whole blood 25.4 | 31.0 | 25.8 | 25.6 
9 31.4 | 31.3 
10 “ serum; old, sterile 20.3 | 20.1 
contaminated 87.8 | 86.2 
12 Rabbit serum; old, sterile 132.7 | 133.5 


* Folin-Wu tungstic acid filtrate. 
t+ Human whole blood was obtained from laboratory workers about 3 
hours after breakfast, without a previous resting period. 


may be overcome to some extent by increasing the MnSQ, con- 
centration. 

The H;PO,-MnSQ, reagent, in the quantity (10 cc. per 100 ce. 
total volume) recommended, contains enough acid to take care of 
the alkalinity of the CuSO, + Ca(OH): filtrates. Should the 
alkalinity of solutions be higher, we would suggest adjustment to 
approximate neutrality (phenol red added directly to the sample). 
The same should be done also if the solution contains much strong 
acid—say, greater than 0.05 Nn. 
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Comparison of Methods 


In Table IV a comparison was given of the aeration procedure 
of Friedemann, Cotonio, and Shaffer and of the distillation as 
described by us. Analyses of culture media and urine were shown 
to agree within the limits of experimental error. Additional data 
obtained on blood filtrates are shown in Table V. These also show 
that, if precautions are taken to remove carbohydrates and other 
substances by the CuSO, + Ca(OH). reagents, the results by the 
two methods agree within the limits of experimental error. 


Titration of Bound Bisulfite 


The oxidation as outlined above yields acetaldehyde almost 
quantitatively. In spite of this, however, heavy losses may occur 
in the final titration. This is due to air oxidation at the time of 
addition of the carbonate. It seems to be catalyzed by the 
extremely small amount of manganese (whose action is enhanced 
presumably by some phosphoric acid, since we have noticed it more 
often in the oxidations carried out in phosphoric acid) which is 
carried over in the distillation. It can be prevented by using a 
large amount of bisulfite, by keeping the volume in the receiving 
flask as low as possible, and by cooling before the titrations. 

Efficient cooling is the most effective method for preventing the 
losses by air oxidation. This is done just before titration. The 
low temperature causes condensation of moisture on the flask, but 
this appears to help rather than hinder the detection of the delicate 
blue starch-iodine end-point. That cooling increases the accuracy 
of the titration can be demonstrated by the following simple 
experiment. 

100 ce. of water and 1 ce. of starch solution are placed in a 150 ce. 
extraction flask (these flasks are preferred to the Erlenmeyer flasks 
because of the greater depth of solution and the wider neck). The 
flask is cooled in a pan containing ice and some water. (The large 
pan, 12 X 24 X 3 inches, used by us conveniently holds twelve 
flasks.) Titration with 0.002 n iodine requires only a few drops 
and gives a sharp change from colorless to blue. Another flask, 
similarly prepared, is now warmed to 37°. Titration of this 


* A discussion of the theory, technique, and many sources of error is given 
by Friedemann, Cotonio, and Shaffer. 
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warmed solution requires more iodine and the color changes 
gradually, as more is added, from colorless to purple and finally 
to blue. 

SUMMARY 


1. The preparation of lithium lactate is described. 

2. The use of dilute iodine solutions prepared from KIO; or 
KH(I0;)2 is suggested. 

3. A procedure for the determination of lactic acid in various 
biological materials is described. 

4. The factors which influence the accuracy of the method are 
discussed. 
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(From the Laboratory of Biochemistry, State University of Iowa, Iowa City) 
(Received for publication, November 22, 1932) 


INTRODUCTION 


The association of the fat-soluble vitamins with the unsaponi- 
fiable fraction of lipids has stimulated study of the large number 
of complex substances found in this portion of plant and animal 
fats. Interest has centered especially on fish oils because of their 
high content of vitamins A and D, and on vegetable oils because 
of the presence of carotene, vitamin E, and antioxygens. Com- 
paratively less progress has been made in the chemical study of 
the analogous substances in mammalian tissue lipids. 

Detailed investigation of beef liver unsaponifiable materials was 
further prompted by the possible relationship of these compounds 
to nutritional studies being conducted with beef liver; also large 
quantities of the lipids were available. Beef liver lipids in com- 
mon with all the fats and oils that have been examined contain in 
their unsaponifiable portion a fairly long series of substances, 
some solid and crystalline, others liquid or amorphous. The 
first group comprises largely sterols which have been studied in 
some detail. The liquid fractions have been only partially ex- 
amined and probably include higher alcohols, hydrocarbons, 
vitamins, and as yet unidentified substances. 


EXPERIMENTAL 
Methods of Separation 
Separation of the sterols by simple crystallization was first tried; 
it was not a satisfactory method. Of the 0.22 per cent unsaponi- 


* An abstract of this paper was read before the meeting of the American 
Society of Biological Chemists at Philadelphia, April, 1932. 
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fiable material obtained from fresh beef liver by Bloor’s method 
(3), 64 per cent was found, colorimetrically (4), to be sterols. By 
fractional crystallization of the original unsaponifiable material 
from ethyl alcohol only 86 per cent of the total sterols could be 
obtained, and thus a considerable portion still remained in the 
mother liquor. Since, as Drummond and Baker (6) observed, 
the presence of large amounts of sterols in the liquid residues 
caused great loss of vitamin A when these were subjected to 
vacuum distillation, it was obvious that simple crystallizations 
would not remove the sterols completely enough to make subse- 
quent distillation successful. Methods similar to those used by 
Evans and Burr (7), and depending on differential solubilities in 
various organic solvents, offered more promise. 

The acetone-soluble lipids prepared from 38.5 kilos of fresh 
beef liver were saponified by refluxing for 4 hours with 2 n sodium 
ethylate; the mixture was diluted with water and extracted with 
petroleum ether and ethyl ether. After resaponification of this 
extract a total of 83.6 gm. of unsaponifiable lipids was obtained, 
again 0.22 per cent of the weight of the fresh liver. This was 
separated by means of differential solubilities in methyl alcohol, 
petroleum ether, and acetone, followed again by treatment with 
petroleum ether and 92 per cent methyl alcohol, During the 
separation the mother liquors from all but the last crop of crys- 
tals were returned to the main body of dissolved material. The 
earlier crystalline fractions consisted mainly of cholesterol; the 
later fractions contained increasing proportions of other solid 
substances. The last 92 per cent methyl alcohol solution, after 
extraction with petroleum ether, contained a red oil from which 
still further amounts of cholesterol crystallized on standing at 
0°. The final residue was a dark red, oily liquid which was almost 
sterol-free. 

This method appeared to possess distinct advantages over 
crystallization from a single solvent, even though it was much 
longer and more wasteful of material. Not only were the sterols 
more completely removed but the chances of successful separation 
of the other constituents were thereby also improved. Ulti- 
mately still better fractionation was secured by omitting certain 
steps, by changing the order in which the solvents were used, and 
by careful exclusion of oxygen wherever this was possible. The 
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Crude unsaponifiable lipids (820 gm.) 


Dissolved in hot methyl alcohol, cooled, filtered 


Methyl alcohol solution. Diluted 
to 92 per cent, extracted with 
petroleum ether 


Crystals. Alternately recrystal- 
lized from methyl alcohol and 
acetone 
I. Pure cholesterol (189)* 


Petroleum ether solution. Evapo- 
rated solvent. Dissolved in 
hot acetone, cooled, filtered 


Methyl alcohol solution. Concen- 
trated to one-third volume 
II-a. Cholesterol crystals (4) 
Mother liquor evaporated to red 
liquid residue 
II-b. Vitamin A, antioxidant (9) 


Acetone solution. Evaporated 
solvent 


Resaponified with 15 per cent KOH 
Extracted with ether, evaporated 


Dissolved in hot acetone, cooled, 


Crystals. Recrystallized from 
methyl alcohol, acetone, and 
ethyl acetate 
III. Cholesterol (53) 


Lignoceryl sphingosine (15) 


Acetone solution. Evaporated 
Dissolved in hot ethyl acetate, 
cooled, 


Crystals. Recrystallized from 
ethyl acetate 
IV. Cholesterol (52.1) 


Ethyl acetate solution. Evaporated, 
dissolved in petroleum ether. 
Large volume of methyl alcohol 
and water added until separa- 
tion occurred. Repeated many 
times. Methyl alcohol ex- 
tract washed with pe- 
ole ether 


4 
Crystals. Recrystallized from 
ethyl acetate, methyl alcohol, 
and acetone 
V. Cholesterol (33) 
Other solids (4.3) 


Petroleum ether solution 
VI. Red liquid (55) 
Antioxidant, vitamin E 


| 
Methyl alcohol extract; treated as 
with (II) above 
VII-a. Cholesterol (3) 
VII-b. Vitamin A, antioxidant (29) 


* Figures in parentheses indicate weights in gm. 
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use of sodium alcoholate was abandoned because of the report of 
Morton, Heilbron, and Thompson (10) that it caused partial 
decomposition of vitamin A. 

The procedure finally adopted for the preparation and fraction- 
ation was as follows: A large quantity of acetone-soluble lipids 
was saponified by refluxing for 1 hour with a 15 per cent methyl 
alcohol solution of potassium hydroxide. After saponification 
most of the methyl aleohol was removed under reduced pressure 
and the unsaponifiable material was obtained in the usual way. 
The 820 gm. of crude product were then fractionated by the im- 
proved method shown in the accompanying diagram. 


Crystalline Fractions 


Cholesterol—The crystalline Fractions I, III, IV, and V con- 
sisted mainly of cholesterol. Small amounts of cholesterol were 
also obtained from Fractions II and VII after concentrating them 
to one-third their original volume. To judge by the Liebermann- 
Burchard color test, Fraction VI was practically sterol-free. A 
comparison of some of the properties of the crystalline fractions 
after fractional recrystallization is shown in Table I. If the sol- 
vents were alternated during the process of recrystallization, 
much better purification could usually be obtained. 

There is only one cholesterol in beef liver. Although the melt- 
ing point of some crystal fractions was slightly low even after 
several recrystallizations, in all cases, if purification was carried 
far enough, substances having identical properties were obtained. 
The comparative data in Table II show that the cholesterol in 
beef liver is identical with that obtained from other sources. 
For preparing the derivatives 25 gm. of cholesterol were used in 
each case. The methods were those of Anderson (1) for the 
acetate, Bills, Honeywell, and MacNair (2) for the bromide, and 
Shriner and Ko (16) for the benzoate. The products were re- 
crystallized to a constant melting point. In the case of the ben- 
zoate, after one crystallization, the product had the same melting 
point as that of Shriner and Ko but this changed to the indicated 
figure after one additional recrystallization and remained constant 
through two further recrystallizations. In addition to a slightly 
higher melting point, this product also exhibited a higher specific 
rotation. A comparison value for the specific rotation of the 
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bromide was not found, but because of the great instability of 
the bromide, especially to light, its dependability for identification 


TABLE I 
Crystalline Fractions of Liver Lipids 


Fraction No. | Weight | Melting point Iodine No.* | Exgosterol 
gm. 

I 189 148 .5-149 64 + + 
II-a 4 144 -145 62 + 
III-a 14 148 -149 67 + + 
III-b 25.8 142 -145.5 63 + + 
III-e 1.3 120 -135 56 + + 
III-d 15 87.5- 88.5 30 - - 
III-e 12 Below 135 65 + + 
IV-a 34.8 146 .5-148.5 66 + + 

IV-b 17.3 Below 125 72 + ++ 
V-a 10 147 .5-148 67 + + 
V-b 18.4 Below 135 51 + + 
V-c 4.3 77 -79 39 - - 

V-d 4.6 Below 135 66 + ++ 

VII-a 3 + 


* Determined by the Rosenmund-Kuhnhenn method (12). 
{ Trichloroacetic acid, chloral hydrate, and ultra-violet absorption 


spectrum. 


TABLE II 
Beef Liver Cholesterol and Derivatives 
Melting point in 
Cholesterol Fraction I 1485-149 (149*) —39.00 (—39.52*) 
Solidifies at 118 (118*) 
148 .5-149.5 (144-145f) —15.64 (—13.70t) 
109 -111 (109t) —45.03 
* Anderson (1). 
t Shriner and Ko (16). 


t Bondzynski and Humnicki (5). 


of cholesterol is considerably less than that of the other deriva- 
tives. An analysis of the bromide gave 28.78 per cent Br, cor- 
responding to the formula for cholesterol dibromide, C:;H,OH -- 
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Br. It is commonly accepted that there are two different bromides 
of cholesterol having melting points of 109° (5) and 122° (1) re- 
spectively. Usually the low melting bromide was obtained, but 
slight differences in procedure occasionally produced the high 
melting compound in varying amounts. Owing to this behavior 
and the relative insolubility of both compounds, the process of 
purification of the bromide is sometimes difficult. 

Ergosterol—By means of the trichloroacetic acid and chloral 
hydrate color tests of Rosenheim (11), all of the sterol fractions 
were found to contain traces of ergosterol. The later and less pure 
cholesterol fractions gave more distinct color tests for ergosterol. 
This observation was confirmed by comparisons of ultra-violet 
absorption spectra of 3 per cent ether solutions of the cholesterol 
fractions with similar spectra of known ergosterol solutions of 
appropriate concentration. For these determinations a Hilger 
E-2 quartz spectrograph with adjustable quartz cell and tungsten 
steel spark were used. Crude cholesterol, corresponding to Frac- 
tion I before recrystallization, contained 0.12 per cent ergosterol. 
Fraction I contained only 0.07 per cent and Fractions IV-b and 
V-b contained 0.2 and 0.27 per cent respectively. Its concen- 
tration in the later fractions is contrary to the report of Heilbron, 
Kamm, and Morton (8) that if cholesterol is repeatedly crystal- 
lized from alcohol the ergosterol associated with it is concentrated 
in the first crystalline fractions. The reason for this difference in 
behavior is not known but the alternation of solvents during the 
separation and purification of the various fractions may have been 
responsible. 

Dihydrocholesterol—F rom the later fractions it was difficult to 
obtain pure cholesterol by crystallization methods. The presence 
of ergosterol and other sterols might account for this. It has 
been shown by Schénheimer and collaborators (14, 15) that di- 
hydrocholesterol is also a normal constituent of animal tissues and 
is present in small amounts in all cholesterol preparations. Ap- 
plication of Schénheimer’s (13) method of separation (bromina- 
tion and precipitation by digitonin) indicated the possible presence 
of small amounts of dihydrocholesterol in the later crystalline 
Fractions III, IV, and V and also in the liquid Fraction VII. 
The largest amount was found in the crystals obtained from ace- 
tone, Fraction III. The digitonide precipitated from 0.5 gm. 
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each of Fractions III-b, III-c, and III-e weighed 0.1055, 0.1120, 
and 0.1172 gm., corresponding to 4.2, 4.5, and 4.7 per cent re- 
spectively of the unbrominated sterol in these fractions. The 
sterol was recovered from the precipitates by decomposition with 
hot xylene vapors and was recrystallized from methyl alcohol 
as needles. Slow recrystallization from ethyl aleohol produced 
colorless hexagonal! plates (18) melting at 141.5° (dihydrocho- 


lesterol is variously reported as melting at 140.5-143°). The 


Liebermann-Burchard reaction was negative (a few of the prepara- 
tions gave a color test so faint as to be called negative when com- 
pared with a test on the same amount of cholesterol). The optical 
rotation has not been determined for lack of sufficient material. 
Further investigation, now under way, on a larger quantity of 
material, is necessary before the unknown sterol can be finally 
identified as dihydrocholesterol. 

Lignoceryl Sphingosine—Fractions III-d and V-c (Table I) 
were non-sterol in nature. These fractions had low melting points 
and low iodine values and contained nitrogen. 

Fraction III-d was studied in detail. It was obtained as a light 
yellow wax, difficultly soluble in most fat solvents but easily solu- 
ble in warm chloroform. After recrystallization from petroleum 
ether, it was obtained as a colorless substance, m.p. 87.5-89°. 
Microanalysis gave the following composition: C 76.16, H 13.02, 
N 2.49 per cent, suggesting lignoceryl sphingosine (Levene (9)) 
whose composition is C 77.40, H 12.82, N 2.20 per cent. This 
substance was recently isolated from pig liver by Thannhauser 
and Frankel (17) by a somewhat similar method and had the 
composition C 77.29, H 12.63, N 2.55 per cent. 

Acid hydrolysis by the method of Thannhauser and Frinkel 
gave lignoceric acid, m.p. 77.5°. On microanalysis, this was found 
to have the composition, C 77.49 and H 13.10 per cent, the calcu- 
lated values being 78.18 and 13.13 per cent respectively. The 
sphingosine sulfate obtained on analysis gave C 62.77 and H 10.83 


1 Crystallographic measurements of the crystals made by Mr. Carl 8S. 
Gilbert of the University of Wyoming Agricultural Experiment Station, 
using a Leitz petrographic polarizing microscope, model SM, showed them 
to be biaxial, optically, with only uniform obtuse interfacial angles measur- 
ing 123.6° (average). Cholesterol has interfacial angles of 79.2° (average) 
and 100.9° (average). 
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per cent, calculated values being 61.02 and 10.85 per cent, re- 
spectively. 

It is doubtful that lignoceryl sphingosine is a naturally occurring 
constituent of liver tissue. A similar substance which he called 
lignoceryl sphingine was obtained by Levene (9) as an inter- 
mediate product in the hydrolysis of sphingomyelin. Perhaps 
sphingomyelin may be broken first at the point of attachment of 
sphingosine and phosphoric acid, and thus the mild saponification 
failed to effect a complete hydrolysis. Thannhauser and Frankel 
are also of the opinion that substances of this nature are present 
in the unsaponifiable fraction as partial decomposition products 
of cerebrosides and sphingomyelin. Still other compound lipids 
may contribute their partial cleavage products to the non-saponi- 
fiable fraction. 


SUMMARY 


By means of their differential solubilities in various organic 
solvents the solid and liquid constituents of the unsaponifiable 
lipids of beef liver were more effectively separated than is possible 
by crystallization from a single solvent such as alcohol. 

Sterols constituted 64 per cent of the unsaponifiable lipids. The 
properties of the cholesterol and of three of its derivatives in- 
dicated that it is identical with cholesterol obtained from other 
sources. Small amounts of dihydrocholesterol and ergosterol 
were also found. 

Nitrogenous substances were isolated in small amounts from the 
later fractions. Of these, lignoceryl sphingosine was identified. 
These substances are held to be partial cleavage products of 
sphingomyelin and similar compounds rather than normal tissue 
constituents. 
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THE UNSAPONIFIABLE LIPIDS OF BEEF LIVER 


II. VITAMINS A AND E; ANTIOXYGENS* 


By FREDERICK C. FREYTAG anno H. GREGG SMITH 
(From the Laboratory of Biochemistry, State University of Iowa, Iowa City) 
(Received for publication, November 22, 1932) 


Paper I (5) described the separation of beef liver unsaponifiable 
lipids into crystalline fractions, as well as some of the properties 
of the crystalline substances and their derivatives. The liquid 
fractions are also under investigation and this paper records 
observations on vitamins A and E and on the antioxygens. 

The three liquid fractions referred to as Fractions II-b, VI, and 
VII-b were dark red, fluorescent, viscous oils. On the basis of 
color tests, Fraction VI, obtained from petroleum ether, was 
practically sterol-free; Fractions II-b and VII-b, from methyl 
alcohol, still contained sterols. Judged by the intense blue col- 
oration with antimony trichloride, these two fractions also con- 
tained vitamin A in high concentration, while Fraction VI gave 
no color with SbCl. 

To get an approximate quantitative estimation of the vitamin 
A content of Fractions II-b and VII-b, photographs of the ultra- 
violet absorption spectra of chloroform solutions were made with 
the Hilger E-2 quartz spectrograph and sector photometer. Dilu- 
tion was varied until the absorption curve in the region of 328 
mu approximately coincided with that of a 1:200 chloroform solu- 
tion of fresh assayed cod liver oil (500 vitamin A units per gm.). 
At this dilution the colored substances of high absorbing power 
caused little interference, and in the liver lipid dilutions which 
were still higher, there was no evidence of absorption due to 
carotene (434 to 492 mu). Moore (6) has also found by the 
SbCl; test that only traces of carotene occur in liver fats although 
large amounts of vitamin A are present. Dilutions of Fractions 

* An abstract of this paper was read before the meeting of the American 
Society of Biological Chemists at Philadelphia, April, 1932. 
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II-b and VII-b to slightly more than 1:20,000 and 1:25,000 re- f 
spectively were necessary to obtain absorption of the same in- y 
tensity as that of the cod liver oil dilution. This would indicate t 
that the concentrations of vitamin A were 100 and 125 times that b 
in cod liver oil. 

The liquid fractions were also tested for the presence of anti- r 
oxygenic material by the oxygen absorption method. The ratio r 
of the induction period of a suitable autoxidizable fat mixture Q 
containing the unknown in 0.1 per cent concentration to the t 
induction period of the same fat mixture without addition is 
an index of the prolongation of the induction period by anti- 


oxygens. All three fractions gave indices of 1.2 to 1.5 which are J 
hardly beyond the limits of error but which were found consist- 

ently enough to suggest that some antioxygenic material might be I 
present. 


Fractional distillation was next applied to the separate fractions. 
Because of superheating and foaming this was attended with 
difficulty. Excessive foaming made it necessary to redistil Frac- 
tion VII-b in order to get a good separation. Data on these distil- 
lations and on the various fractions obtained are summarized in 
Table I. 

In Fraction II-b all the vitamin A appeared below 172°; in 
Fraction VII-b part of it appeared below 165°, the rest of it below 
220°. This is in fair agreement with the early experiences of 
Drummond and his coworkers (3) on a cod liver oil concentrate 
whose vitamin A came in the fractions between 180-220° at 
2 to 3 mm. pressure, as judged by color tests. The destruction of 
vitamin A during the fractional distillation of their cod liver oil 
concentrate is paralleled by the experience with beef liver lipids; 


the loss was especially heavy in Fraction VII-b which was dis- 0 
tilled twice. According to Drummond and Baker (2) the ac- a 
companying sterols and hydrocarbons form a residue from which f 
the more volatile substances are distilled with difficulty. t 

The extent of this destruction of vitamin A is more strikingly a 
revealed by comparable observations on a cold ether extract of 0 


fresh beef liver, subjected to a minimum of heat treatment. After 
saponification and partial removal of sterols by two crystalliza- t 
tions from methyl alcohol the residue (0.7 gm., representing 57 0 
gm. of liver fat) absorbed light at 328 my much more intensely at c 
a dilution of 1:50,000 than the 1:200 dilution of cod liver oil used e 
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for comparison. On the assumption that the intensity of ultra- 
violet absorption at 328 my is a true measure of vitamin A under 
these conditions, beef liver lipids may contain 3 to 5 times as 
much vitamin A as cod liver oil. 

Vacuum distillation failed to concentrate the antioxygenic 
materials in Fractions II-b and VII-b, but Fraction VI yielded 
products between 170-255° which were about twice as effective 
as the original mixture. According to Olcott and Mattill (8) 
the much more powerful antioxygen of a lettuce concentrate was 


TABLE I 
Vacuum Distillation of Liquid Fractions; Vitamin A and Antioxygen Content 
Dilution with 
Fraction No.| Weight B.p. Pressure [same intensity) Antionyeen 
(328 mp) 
gm. mm. 

II-b 1:20,000 1.5 
va 1.8 Below 172 0.45 1:20,000 1.1 
2 4 172-200 0.5 None 1.3 
3 3 Residue . 1.3 
VII-b 29 1:25,000 1.2 
1 6.6 Below 165 0.7 1:5,000 1.0 
2 10.8 165-220 0.2 1:5,000 1.4 
3 11 Residue None 1.3 
VI 55 1.3 
1 5 Below 170 0.7 1.5 
2 13 170-225 0.65 2.9 
3 9.5 225-255 0.08 2.5 
4 26.9 Residue 2.1 


*The arabic numbers represent the distillates. 


obtained in the fraction from 165-185° (0.1 to 0.2 mm.). The 
antioxygen from a wheat germ oil concentrate (1) appeared in the 
fractions from 180-225° (0.1 to 0.2 mm.). These facts suggest 
that antioxygenic substances may exist in considerable variety, 
and that vegetable oils contain greater quantities than animal 
oils. 

The presence of relatively small amounts of vitamin E in fresh 
beef liver was demonstrated by Evans and Burr (4). Their work 
on wheat germ oil concentrates and that of Olcott (7) on lettuce 
concentrates showed that vitamin E from these sources is pref- 
erentially soluble in petroleum ether and distils below 230° at 
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low pressure. Vitamin E of beef liver, although very small in 
amount, has these same properties; the comparable distillate (No. 2) 
of Fraction VI when administered in a single dose of 250 mg. to a 
vitamin E-deprived rat, under the standard conditions for assay, 
provided sufficient vitamin E for normal gestation. Since similar 
fractions from wheat germ and lettuce are effective in doses of 10 
mg. or less, the amount of vitamin E in liver lipids is obviously 
very small. 


SUMMARY 


The liquid residues of beef liver unsaponifiable lipids have been 
examined for their content of vitamins A and E and antioxygenic 
material. 

By means of the preferential solubility of vitamin A in methyl 
alcohol, concentrates were obtained whose vitamin A value, 
judged by the intensity of ultra-violet light absorption at 328 mu, 
was 100 to 500 times that of a commercial assayed and protected 
cod liver oil. By the same measure, applied to a concentrate of 
beef liver lipids after minimum exposure to heat and oxygen, beef 
liver fat may contain 3 to 5 times as much vitamin A as cod liver 
oil. By vacuum distillation, vitamin A was concentrated in the 
lower boiling fractions but with destruction of as much as four- 
fifths of the active material. 

Traces of antioxygenic material were present, but fractional 
vacuum distillation did not accomplish a concentration as is the 
case with vegetable lipid concentrates. 

Vitamin E was present in relatively minute quantities in the 
fraction comparable to that in which it is obtained from vegetable 
sources. 
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A COMPARISON OF TOTAL CARBOHYDRATE AND GLY- 
COGEN CONTENT OF MAMMALIAN MUSCLE* 


By CARL F. CORI ann GERTY T. CORI 


(From the Department of Pharmacology, Washington University School of 
Medicine, St. Louis) 


(Received for publication, November 28, 1932) 


In a recent paper Bischoff and Long (1) reported experiments in 
which the total fermentable carbohydrate content of rabbit muscle 
exceeded the glycogen content by 100 to 300 mg. per cent. This 
large difference was attributed to the presence in muscle of a carbo- 
hydrate of unknown constitution. 8 hours after epinephrine 
injection the difference between total fermentable carbohydrate 
and glycogen was only 20 to 50 mg. per cent and this the authors 
regard as evidence that epinephrine not only depletes glycogen 
but also this other carbohydrate reserve of unknown chemical 
constitution. The decreased figures for muscle sugar, which the 
authors observed during the recovery period following an epi- 
nephrine injection, are accounted for by the assumption that the 
muscle sugar during this period is being converted rapidly to this 
unknown form. Finally, the authors point out that the omission 
of total carbohydrate determinations in previous work has given 
rise to erroneous assumptions as to the amounts of carbohydrate 
lost by the muscles and gained by the liver following epinephrine 
injections. 

Experience gained in this laboratory in the past did not lend 
support to Bischoff and Long’s original observation that there 
exists a large difference between total fermentable carbohydrate 
and glycogen content of skeletal muscle, and the present experi- 
ments show quite definitely that both are the same within the limit 
of error of the methods used. This renders doubtful the deduc- 
tions of Bischoff and Long, referred to above. 


* This investigation was aided by a grant from the Rockefeller Founda- 
tion to Washington University for research in science. 
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EXPERIMENTAL 


Experiments were performed both on rat and rabbit muscle. 
In some rat experiments right and left gastrocnemii were taken 
under amytal anesthesia, one serving for total carbohydrate and 
the other for glycogen determination. The muscles were sub- 
merged at once in the respective fluids contained in tared and 
stoppered centrifuge tubes—ice-cold n H,SO, for total carbohy- 
drate and 40 per cent KOH for glycogen determinations—and 
the tubes were weighed again. In other rat experiments the mus- 
cles were first frozen solid in a mixture of CO, snow and ethyl 
chloride and then cut into thin slices. A slice was placed 
alternately in the tube for total carbohydrate and that for glyco- 


gen determination. In the rabbit experiments only the latter - 


method was used. 

Total Fermentable Carbohydrate—For total carbohydrate the 
muscle was hydrolyzed for 4 hours in N H.SO,, the mouth of the 
tube being covered by a glass bulb. After a preliminary heating 
period of 10 minutes the contents of the tube were transferred to 
a mortar and the muscle rubbed up very thoroughly. In trans- 
ferring the contents back to the tube, enough n H,SO, was added 
to give 8 cc. per gm. of muscle. After hydrolysis the contents of 
the tube were transferred quantitatively to a wide mouthed flask, 
water was added, and the proteins precipitated by means of HgSQ,, 
followed by removal of Hg and H,SO, with BaCOs, as described by 
West, Scharles, and Peterson (2). For a hydrolysate of 1.2 to 1.4 
gm. of muscle the final volume was 40 cc. and the amount of HgSO, 
added was 6 ce. of a 30 per cent solution in 10 per cent H,SQ,. 
After the barium treatment the solution was filtered on a Buchner 
funnel and the filtrate made acid to Congo paper by adding a drop 
of 10 Nn H.SO,. It was found necessary to repeat the barium treat- 
ment if a yellow precipitate formed on acidification. Traces of 
Hg were precipitated by means of H,S, the precipitate filtered off, 
and the excess H.S expelled by aeration. This solution was neu- 
tralized and analyzed for its reducing power before and after 
yeast fermentation. 

Previous experience with the HgSO, precipitation has shown 
that added glucose is recovered quantitatively, the average of 
five experiments being 99.1 per cent (3). In the present work 
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glucose was added in two cases. After 4 hours of hydrolysis the 
muscle is in such a fine state of division that aliquot samples 
can be taken with an Ostwald pipette, if care is taken to stir up 
the sample each time. 10 cc. of a given hydrolysate contained 
6.05 mg. of fermentable reducing substance without and 15.89 
mg. with addition of 10 mg. of glucose, corresponding to a recovery 
of 98.4 per cent. In the second experiment of this type 99.2 per 
cent was recovered. 

The optimal length of time of hydrolysis of muscle in n H,SO, 
was found to be 4 hours. Two examples for this are given below 
in mg. of total fermentable carbohydrate per 100 gm. of muscle: 
hydrolyzed for 3 hours, 594; 4 hours, 619; 5 hours, 604; and hydro- 
lyzed for 3 hours, 297; 4 hours, 295; 5 hours, 283. 

Glycogen—The estimation of glycogen was carried out accord- 
ing to Pfliiger’s method, as modified by Somogyi.' The essential 
feature of this modification consists in the application of heat 
after the addition of alcohol. This precipitates the glycogen im- 
mediately and makes it stick to the glass surface, so that the su- 
pernatant fluid can be poured off after centrifugation without any 
danger of losing glycogen. Instead of washing the glycogen with 
different concentrations of alcohol, the glycogen is dissolved in 
water and reprecipitated. The saving of time is considerable, 
because a determination can now be finished in 34 hours. The 
method is reliable even for small quantities of glycogen. For 
example, 2 cc. samples of a potash solution, containing about 0.5 
gm. of digested muscle, were measured by means of an Ostwald 
pipette and allowed to drain very slowly. The values obtained 
per 2 cc. were 1.06, 1.04, 1.03, and 1.05 mg. of glycogen. 

In Pfliiger’s original description glycogen was hydrolyzed in 0.6 
N HCl for 3 hours. That 3 hours are necessary for this particular 
acid concentration has repeatedly been shown. Sahyun and 
Alsberg (4) compared n HCl and H,SO, and found that glycogen 
was hydrolyzed in both at about the same rate and that 90 minutes 
were sufficient. In order to leave a margin of safety they recom- 
mended a hydrolysis time of 2 hours. According to their data no 
appreciable destruction of sugar takes place when hydrolysis is 
continued beyond the required time. In the present experiments 
the glycogen was hydrolyzed for 3 hours in n H,SO,. 


1 Private communication. 
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Yeast Fermentation—Sugar was determined in the glycogen 
hydrolysate before and after yeast fermentation. Washed Fleisch- 
mann’s yeast was used. The reducing power in terms of glucose 
after fermentation of the glycogen hydrolysates was between 0 
and 12 mg. per 100 gm. of muscle. This small correction of the 
glycogen values could have safely been omitted without changing 
the significance of the results, but since maximum accuracy was 
desired it was included in all determinations. On the other hand, 
the non-sugar reducing substances in the total carbohydrate de- 
termination amounted to 80 to 170 mg. per 100 gm. of muscle for 
the particular sugar method used and the omission of this correc- 
tion may lead to erroneous inferences (5, 6). The nature of the 
non-fermentable reducing substances in the total carbohydrate de- 
termination has not been fully ascertained. Part of the reducing 
power left after fermentation is due to pentoses derived from ade- 
nosine-triphosphate and nucleic acids, another part is due to crea- 
tine-creatinine, which is not completely precipitated by HgS0,; 
finally, there are other nitrogenous substances present which have 
reducing properties. 

Sugar Method—All sugar determinations were carried out by 
means of the Shaffer-Hartmann method. The copper reagent 
used was recommended to us by Dr. Somogyi and had the follow- 
ing composition: 25 gm. of Rochelle salt, 400 cc. of 0.1 n NaOH, 
5 gm. of CuSO,-5H,0, 35 gm. of anhydrous Na,CO;, 5 gm. of 
KI, 15 ce. of n KIO; made up to 1 liter. Owing to the higher 
alkalinity of this reagent, the oxidation of such sugars as pen- 
toses and mannose as well as the oxidation of non-sugar reducing 
substances proceeds rapidly, so that the danger of incomplete 
oxidation during a heating period of 15 minutes is avoided. This 
advantage is, however, partly offset by the fact that somewhat 
higher values are obtained for the non-sugar reducing substances 
with this reagent than with the usual Shaffer-Hartmann reagent 
containing 25 gm. of Na,CO;, 20 gm. of NaHCO, 25 gm. of Ro- 
chelle salt, 7.5 gm. of CuSO,-5H,O, 5 gm. of KI, and 15 ce. of n 
KIO; per liter. The total fermentable carbohydrate content of 
the same mercury filtrate was determined with the two reagents, 
as shown in Table I. Since essentially the same values were 
obtained, it is clear that either reagent can be used. Addition of 
glucose to fermented mercury filtrates gave a satisfactory recov- 
ery with either reagent. 
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Zine Precipitation—In determining total carbohydrate Bischoff 
and Long used zine for the precipitation of proteins in muscle hy- 
drolysates, followed by treatment of the filtrate with Lloyd’s 
reagent.2 The zine precipitation was carried out as follows: 10 
ec. of muscle hydrolysate, corresponding to 1.2 gm. of muscle, 
were pipetted into a 50 cc. volumetric flask, followed by 20 cc. 
of water, 6 cc. of 10 per cent ZnSO,-7H,0O, and a few drops of phe- 
nol red. Enough NaOH solution was added to adjust the reac- 
tion to a faint pink (pH about 7.6). The contents of the flask 
were made up to the mark, mixed, and centrifuged. Though the 


TABLE I 
Comparison of Mercury and Zinc Precipitation in Acid Hydrolysate of 
Muscle 
The same mercury filtrate was analyzed by means of two Shaffer-Hart- 
mann copper reagents, as described in the text. In the case of the zinc 
filtrate only one reagent was used. All values are given in mg. of glucose 
per 100 gm. of muscle. 


Mercury precipitation 


NaHCO, regent 


NaOH reagent NazCO;-NaHCO; reagent 


Non-ferment- Non-ferment- Non-ferment- 
Fermentable able Fermentable able Fermentable able 


541 157 543 131 563 186 
298 132 301 97 326 99 
645 106 641 77 677 82 
407 97 394 72 421 88 


precipitate is rather bulky, it was ascertained that actually the 
volume error is small. The supernatant fluid was poured off and 
a small amount of zinc remaining in solution was removed by a 
pinch of NazCO;, followed by filtration. The filtrate was made 
acid to Congo paper and shaken with Lloyd’s reagent (2 gm. per 
25 ec.) for 2 minutes. Sugar was determined in the final filtrate 
before and after yeast fermentation by means of the usual (Na,- 
CO;-NaHCO;) Shaffer-Hartmann reagent. This procedure differs 
from that of Bischoff and Long mainly in the addition of a larger 


? In their directions there appears a misprint. Instead of a 5 per cent 
solution of NaOH as stated in their paper, a 0.5 N solution of NaOH was 
used. 
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amount of ZnSO, per gm. of hydrolyzed muscle. Glucose added 
to these filtrates after yeast fermentation was recovered quanti- 
tatively, whereas Bischoff and Long with their procedure report 
incomplete recovery. 

Resulis—If a comparison is made between the values obtained 
on two samples of the same muscle serving for glycogen determi- 
nation and similarly on two samples serving for total carbohy- 
drate determination, as in the control experiments in Table II, 
differences of 1 to 6 per cent are noted. This represents the 


TABLE II 
Comparison of Glycogen or Total Fermentable Carbohydrate Content of 
Same Muscle 

Muscles were frozen and sliced as described in the text, except that slices 
of a given muscle were distributed either between two tubes serving for 
glycogen or between two tubes serving for total carbohydrate determina- 
tion. The former experiments were made on rat and the latter on rabbit 
muscle. All values are given in mg. per 100 gm. of muscle. 


Glycogen Total reducing substance 


Sample 1 Sample 2 


Non-ferment-| Non-ferment- 
Fermentable able Fermentable 


403 404 610 109 632 82 
352 337 1070 107 1010 108 
223 211 380 87 383 103 


combined error of the chemical methods plus the error involved 
in sampling the muscle, and should be taken into consideration 
in an interpretation of the experiments in Tables III to V. 
Experiments on rats are recorded in Table III. Some of the 
animals were fasted prior to the removal of muscle, while others 
had access to food up to the time of experiment. In order to 
study the effect of a rapid increase or decrease in glycogen, one 
group of rats was first fasted for 24 hours and then injected with 
glucose plus insulin; in another group right and left gastrocnemii 
were tetanized indirectly for 15 seconds. A significant difference 
between the total fermentable carbohydrate and glycogen con- 
tent of these muscles could not be detected, the difference being 1 
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TABLE Ill 
i Comparison of Glycogen and Total Fermentable Carbohydrate Content of Rat 
rt Gastrocnemius 


In Experiments 1 to 4 both muscles were frozen and sliced as described 
in the text. In Experiments 5 to 13 one gastrocnemius served for glycogen, 


d the other for total carbohydrate determination. All values are given in 
» mg. per 100 gm. of muscle. 
y~ 
I, ba reducing 
Glycogen Remarks 
Ferment- | Non-fer- 
able men 
1 761 767 141 Not fasted 
2 580 565 109 >< 
28 3 565 615 139 ities 
4 581 592 107 
5 729 760 116 
it 6 570 620 118 Fasted for 18 hrs. a 
7 526 581 81 } 
% 8 580 602 88 
9 730 706 99 Fed glucose, insulin injected 
11 717 713 106 ‘ 
- 12 417 404 93 Both muscles tetanized 15 sec. 
13 319 371 125 
TABLE IV 
Comparison of Glycogen and Total Fermentable Carbohydrate Content of : 
~ Rabbit Gastrocnemius 
Muscles were frozen and sliced as described in the text. In Experi- i 
1 ments 2 and 3, a and b refer to the right and left gastrocnemius of the “ 
n respective animals. All values are given in mg. per 100 gm. of muscle. ; 
Total reducing substance 
Experiment No. Glycogen 
Fermentable Non-fermentable 
) 
2 1 585 560 100 
2-a 1048 1035 105 
; 2-b 1068 1105 104 
> 
3-a 336 380 87 
3-b 301 321 128 
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to 2 per cent in four, 2 to 4 per cent in five, and 8 to 10 per cent in 
three cases. Only in the last experiment, in which there is the 
possibility of unequal stimulation of the two muscles, did the 
difference exceed 10 per cent. The total fermentable carbohy- 
drate content was lower than the glycogen content in four cases, 
but since this did not exceed 3.5 per cent, it must be regarded as 
well within the limits of error of the method. 

If an average of all the experiments in Table III is taken, the 
total fermentable carbohydrate content exceeds the glycogen by 
17 mg. per cent. This probably represents the small amount of 
fermentable sugar which is normally present in muscle. Recent 
determinations showed values of 20 to 30 mg. per cent in muscle of 
non-fasting and 10 to 15 mg. per cent in that of fasted rats. Hexose- 
monophosphate is subjected to hydrolysis in the total carbohy- 
drate determination, but only 25 per cent of the amount originally 
present (about 15 mg. per cent in terms of glucose in rat muscle) 
is broken down during 4 hours and a considerable portion of the 
sugar is destroyed as it is split off. The unhydrolyzed hexose- 
phosphate is precipitated by the HgSO,-BaCO; or by the ZnSO,- 
NaOH treatment. There is thus no evidence for the presence of 
an unknown carbohydrate in rat muscle, such as reported by 
Bischoff and Long for rabbit muscle. 

The next step was to consider the possibility that what had been 
observed by Bischoff and Long was peculiar to rabbit muscle; but 
the experiments recorded in Table IV do not support this assump- 
tion. It will be noted that for rabbit muscle the findings are the 
same as for rat muscle, the average total carbohydrate content 
exceeding the glycogen content by 13 mg. per cent. We are ata 
loss to explain how Bischoff and Long obtained differences of 100 
to 300 mg. per cent between these two values, because the use of 
zine precipitation on their part does not account for it, as shown in 
the experiments in Table I. It should be pointed out, however, 
that Bischoff and Long did not perform control experiments of 
the type shown in Table II, so that the possibility of unequal 
glycogen distribution in the muscles used for the different analyses 
cannot be excluded. 

In a previous investigation a determination was made of the 
changes in glycogen and lactic acid of rat muscle during anaerobio- 
sis (7). It was found, on an average, that after 1 hour of anaero- 
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biosis 252 mg. of glycogen disappeared and 214 mg. per cent of 
lactic acid accumulated, while after 2 hours the respective values 
were 452 and 432 mg. per cent. The deficit in lactic acid was ap- 
parently made up by an increase in hexosemonophosphate, but 
since the latter showed poorly agreeing values between hexose 
and P content, the advisability of including it in the calculation 
may be questioned. In the experiments in Table V a comparison 
was made of the total fermentable carbohydrate and glycogen 
content of rat gastrocnemii after 1 and 2 hours of anaerobiosis at 
37°. Whereas the difference between these two values varied 


TABLE V 
Comparison of Glycogen and Total Fermentable Carbohydrate Content of 
Muscle Kept Anaerobically 
Right and left gastrocnemii of the same rat were kept in N; at 37°. 
They were then frozen and sliced as described in the text. With the excep- 
tion of Experiments 1 and 6 the animals were not fasted. All values are 
given in mg. per 100 gm. of muscle. 


Total reducing substance 
Experiment No.| Glycogen 
Fermentable | Non-fermentable 

hrs. 
1 186 250 178 1 
2 473 518 148 1 
3 448 504 144 1 
4 182 225 130 2 
5 258 294 131 2 
6 38 100 125 2 


between —15 and 50 mg. per cent before anaerobiosis (Table III, 
Experiments 1 to 4), it varied between 36 and 64 mg. per cent after 
anaerobiosis. It is possible that a small fraction (about 5 per cent) 
of the glycogen which disappears during 2 hours of anaerobiosis 
is not converted to lactic acid or hexosephosphate but remains as 
some intermediary compound in muscle. There seems to occur a 
slight increase in fermentable sugar during anaerobiosis of rat 
muscle; in two experiments this increase amounted to 15 and 16 
mg. per cent. 

In conclusion it should be emphasized that the absence of appre- 
ciable quantities of intermediary carbohydrates in skeletal muscle 
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does not indicate a similar behavior of other tissues. As a matter 
of fact, somewhat greater differences between total fermentable 
carbohydrate and glycogen have been observed in heart muscle 
and in liver than in skeletal muscle. 


SUMMARY 


A comparison was made of the total fermentable carbohydrate 
and glycogen content of rat and rabbit muscle. Under the con- 
ditions investigated (low or high glycogen content, rapid increase 
or decrease in glycogen), a significant difference between these 
two values could not be detected. 
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Repeated experiments have shown that irradiated ergosterol 
in large doses will alleviate the symptoms of parathyroid tetany. 
Demole and Christ (1) and Jones, Rapoport, and Hodes (2) re- 
ported simultaneously that it was possible to maintain parathy- 
roidectomized dogs in apparently normal condition for a period 
of several months by administering liberal quantities of activated 
ergosterol. After discontinuing the treatment, the calcium con- 
centration of the blood again fell with the onset of tetany. 

Since it is possible for large doses of irradiated ergosterol to 
relieve the symptoms of parathyroid deficiency in the course of 
48 hours or less, it might be expected that smaller doses, acting 
over a longer period, would have a similar action. It has been | 
frequently demonstrated that rats, in contrast to dogs, will live 
for a considerable length of time after their parathyroids have been 
removed. They may show active tetany within a day or two after 
removal of the glands, but if they survive the first few days, they 
frequently live for a protracted time. Hammett (3) has given a 
detailed description of rats subjected to such treatment and 
Shelling (4) has recently emphasized the importance of the cal- 
cium and phosphorus content of the diet on the effects of the 
removal of the parathyroids from rats. Due to the prolonged 
period that rats will live without special treatment after their 
parathyroids have been removed, these animals are especially 
adapted to the study of measures which require considerable time 
for their action. In a series of investigations Hammett studied 
the influence of the removal of the parathyroids at different ages 
333 
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on the growth and development of the rat. Among other factors, 
he found that the bones of parathyroidectomized rats did not 
develop and calcify to the extent of the bones of normal controls. 
The bone ash percentages of the former were considerably below 
those of the latter at the time of the termination of the experiment, 
whereas the relative water content of the bones of the test animals 
was higher than the controls, and there was practically no change 
in the organic matter. The following experiments were planned 
to test the efficacy of moderately large doses of irradiated ergo- 
sterol given over a comparatively long period of time in preventing 
these differences between normal and parathyroidectomized rats. 

Two series of animals were studied during the investigation. In 
one the parathyroids were removed at approximately 50 days of 
age, and in the other at approximately 75 days of age. Each series 
was divided into four groups as follows: Group I was composed 
of control animals, which had not been operated upon, on the basal 
diet; Group II, control animals given irradiated ergosterol; Group 
III, parathyroidectomized animals on the basal diet; and Group 
IV, parathyroidectomized animals given irradiated ergosterol. 
The rats were distributed as evenly as possible among the four 
groups with respect to sex and litter mates. The basal diet used 
was the Steenbock stock ration (5) without the whole milk supple- 
ment. The irradiated ergosterol was the special experimental 
preparation of Mead Johnson and Company! with a potency of 
10,000 X or 30,000 D. This solution was diluted with cottonseed 
oil until it had a potency of 333 X or 1000 D, and was then incor- 
porated into the ration at a 1 per cent level. Consumption rec- 
ords in this laboratory show that a 200 gm. rat will eat, on an 
average, about 15 gm. of ration per day, making the daily intake 
of the irradiated ergosterol solution 0.15 gm. or approximately 2000 
Steenbock rat units. The minimum toxic dose for a rat of equal 
weight on the same diet is about 20,000 units per day. Thus, 
since the amount given was several thousand times the minimum 
antirachitic dose (which is approximately 1/7 unit daily for a 
young rat) and about one-tenth the minimum toxic dose, we have 
termed it a “moderately large amount.” 

The rats of Groups III and IV were parathyroidectomized under 


1 The irradiated ergosterol was kindly furnished by the manufacturers. 
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amytal anesthesia. It was necessary to remove a small amount of 
thyroid tissue surrounding the parathyroid gland and in every 
instance the excised tissue was examined immediately under the 
microscope for identification of the latter. The parathyroids are 
easily recognizable microscopically in fresh, unstained tissue, as 
they have a lighter color and are more compact than the surround- 
ing thyroid mass, and are enclosed in a smooth, distinctly visible 
capsule. If a parathyroid was not seen by this method, the com- 
plete thyroid lobe on the side in question was removed. However, 
in no case were both thyroids extirpated. 

The majority of rats developed mild tetany within 24 to 48 
hours after the operation, manifested by fine tremors of the rear 
legs. Nine of the forty-two parathyroidectomized rats were not 
observed in an attack of tetany. It is quite probable that some 
of these rats experienced tetany when they were not under observa- 
tion. On the other hand, the absence of tetany may have been 
due to incomplete extirpation of the glands, or to the presence of 
accessory parathyroid tissue. In order to eliminate these factors 
from the study, the results obtained from these nine rats are 
omitted from Tables I and II. 

The animals of all four groups in both series were bled from 
the carotid artery when 150 days of age, and serum calcium de- 
terminations were made by the Clark and Collip modification of 
the Kramer-Tisdall method (6). The left femur and humerus of 
each rat were removed and analyzed for water content, lipid frac- 
tion, organic matter, and ash. 

Chart I shows the average increase in weight of the animals of 
each group during the experiment. Those of Group III (para- 
thyroidectomized animals on the basal diet) of the 50 day-old 
series grew at a slower‘rate than the others of the same series. 
The members of the corresponding group of the 75 day-old series 
also grew at a slower rate for the first 7 weeks following the opera- 
tion and for the remainder of the experimental period the average 
weight of these animals was nearly constant. Some individual 
animals in Group III of each series lost weight while others gained. 
During this period, eight of the twenty-one untreated parathy- 
roidectomized rats exhibited symptoms of parathyroid deficiency, 
such as loss of weight, stiffness of the rear legs, general weakness, 
and mild tremors. Three of these animals died during the obser- 
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vation period, one of which had shown severe tetany 3 weeks after 
initial tetany. The serum calcium concentrations, when blood 
could be collected, were of a tetanic level, the lowest being 5.7 
mg. per 100 cc. It appears that these animals were in a state of 


GROUP I GROUP II GROUP III GROUP IV 
80 
60 2 75 DAY-OLD SERIES 
40 


L 


GROUP 1 GROUP II Iv 


Cuart I. Composite curves of the changes in weight of the animals of 
each group during the experimental period. 


latent tetany (with occasional evidence of active tetany) due to 
parathyroid deficiency. 

Only two of the twenty-one rats receiving irradiated ergosterol 
after their parathyroids were removed (Group IV) developed simi- 
lar symptoms (loss of weight, general weakness, and stiffness of 
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rear legs) but neither showed any tremors or actual tetany. 
These manifestations apparently indicated a state of latent tetany, 
as with the rats of Group III. If such were the case, the dose of 
irradiated ergosterol can be considered insufficient completely to 
alleviate the effects of parathyroid deprivation. This view is 
further supported by the serum calcium values for these two ani- 
mals, 8.1 and 8.8 mg. respectively, which, although above the 
tetanic level, were not raised to normal during the course of the 
experiments. 

The serum calcium averages for the four groups are shown in 
Table I. The level of calcium of the rats of Group II was normal, 
showing that the dosage of irradiated ergosterol used, although 
moderately large and administered over a relatively long period 
of time, was not sufficient to raise the serum calcium above normal. 


TABLE I 
Serum Calcium Averages in Mg. per 100 Cc. 
Group No. 50 day-old rats 75 day-old rats 
I 11.3 10.3 
Il 11.8 10.6 
Ill 8.1 6.6 
IV 8.0 8.1 


The rats in Group III of the 75 day-old series showed on the aver- 
age a tetanic level of serum calcium, but the average for the 50 
day-old rats of this group is 1.5 mg. higher. The calcium levels 
for this group, and for those receiving irradiated ergosterol after 
parathyroidectomy (Group IV) are somewhat above the tetanic 
level, but do not approach the normal value. 

Analyses of the bones showed little difference from the normal 
composition in any of the groups of either series (Table II). 
The greatest variation in percentage occurs in the lipid fraction, 
but this fraction is always a variable one in bone. In percentage 
of water, lipids, organic matter other than fat, and ash, the varia- 
tions for the individual animals are very slight, and are in both 
directions from the normal values, so that the averages agree 
quite closely. The constancy of the findings for both humeri and 
femora analyses of all groups holds for the 50 day-old series as 
well as for the rats of the 75 day-old series. 
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The results from Group III are in disagreement with those of 
Hammett (3) who found a retardation of absolute growth and of 
ossification of the bones of rats parathyroidectomized at different 
ages. However, he found the least change with rats operated on 
when 100 days of age, as these were nearing maturity, but the 75 
day-old animals, especially the males, showed greater deviation 
from the controls than those of any other series. In our experi- 
ments reference controls killed at 75 days of age showed an aver- 


TABLE II 
Averages of Bone Analyses 
Group | No.of | Fresh | “of | Lipide | Ash of. | Sater of 

No. | animals| weight weight | weight 

gm. | percent | percent | percent | per cent 

Femora of 50 I 7 0.5715 | 31.6] 4.6 63.9 36.1 
day-old rats II 7 0.5282 | 33.6] 6.2 63.8 36.2 
III 8 0.5512 | 34.7] 4.2 63.6 36.4 

IV 10 0.5890 | 34.8| 3.0 63.8 36.2 

Femora of 75 I 9 0.5727 | 32.9] 5.1 63.3 36.7 
day-old rats II 8 0.6002 | 32.6 | 4.1 63.0 37.0 
III 6 0.5906 | 33.4) 4.6 63.6 36.4 

IV 6 0.5488 | 31.6/| 4.4 64.1 35.9 

Humeri of 50 I 7 0.2475 | 30.9| 2.3 64.8 35.2 
day-old rats II 7 0.2318 | 30.6) 3.6 64.4 35.6 
Ill 8 0.2312 | 32.4] 3.9 63.1 36.9 

IV 10 0.2568 | 33.4| 1.9 64.0 36.0 

Humeri of 75 I 9 0.2543 | 31.4] 3.3 63.4 36.6 
day-old rats II 8 0.2680 | 31.2| 2.8 63.7 36.3 
III 6 0.2569 | 32.6| 3.9 62.6 37.4 

IV 6 0.2525 | 32.5] 3.1 64.1 35.9 


age bone ash percentage of 60.2. Normal ossification caused an 
increase of about 3 per cent by the time maturity was reached. 
The rats of the 50 day-old series were less mature at the time of 
operation, and at that age the bone ash percentage was 54.4, and 
the difference until maturity was reached is about 9 per cent. 
However, none of our animals manifested retardation of ossifica- 
tion, bone ash percentage being used as an index. The lowest 
ash per cent was 62.6, which is still within the normal range for 
rats 150 days old. 
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The duration of our experiments was the same as Hammett’s. 
There was no difference in the average gain in weight of our ani- 
mals of Group III of the 75 day-old series as compared to his (7), 
but Hammett’s rats of the 50 day-old series showed an average 
gain in weight of 15 gm. less than ours. This difference is hardly 
sufficient to account for the variation in the composition of the 
bone of his animals as compared to ours. The fact that our ex- 
perimental animals were on an optimum calcium and phosphorus 
diet may be one reason why there was no noticeable decrease of 
bone ash in the parathyroidectomized rats. Also, the time ele- 
ment must be noted; the experiment lasted 75 days for the 75 day- 
old rats and 100 days for the 50 day-old rats. If any initial change 
in the composition of bone took place as a result of the removal of 
the parathyroids, there was sufficient time for compensation of the 
distortion and return to normal composition. Ravdin and Morri- 
son (8) have shown that low serum calcium levels retard ossifica- 
tion, but do not prevent it. They observed actual union of a 
fractured bone in a hypocalcemic dog, although the ossification 
took approximately twice the average normal time. While fig- 
ures from our bone analyses do not indicate that any change in 
rate of ossification took place, the possibility that such a change 
might have occurred, cannot be overlooked. 

A more general consideration of the data emphasizes the fact 
that rats, if adequate calcium is provided, are more resistant to 
the deleterious effects of parathyroidectomy than many other 
species. Although the serum calcium is lowered to tetanic levels, 
the animals survive initial tetany, and a large percentage of them 
continues to live, some apparently in a state of chronic tetany. 
However, the ash content.of bones from parathyroidectomized 
rats under the conditions of these experiments was found to be 
normal 75 and 100 days after the removal of the glands. 

In the case of the parathyroid-deficient rats receiving irradiated 
ergosterol, the bone composition was also normal although the 
serum calcium was about 2 mg. per 100 cc. below normal, and two 
of the animals were apparently in a state of latent tetany. 

Phosphorus analyses of the blood were not made, but it is 
possible that there was sufficient increase in the concentration of 
this element to prevent a decrease in the calcium-phosphorus 
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product. This might account for the apparent normal calcifica- 
tion in the presence of lowered serum calcium. 

There was not sufficient difference in the composition of the 
bones of the parathyroidectomized animals and control animals 
to be of any value in determining the ability of the irradiated ergo- 
sterol to compensate for the loss of the parathyroid secretions. 
But from a study of the general condition of the animals, the oc- 
currence of tetany, and the calcium level of the blood, it is seen 
that the amounts of vitamin D preparation given in these experi- 
ments were unable to produce a normal animal in the absence of 
the parathyroid glands. Since the quantities of irradiated ergo- 
sterol given were far in excess of the usual antirachitic dose, it is 
apparent that if it is possible for vitamin D to counterbalance 
the loss of the parathyroid glands in the rat it must be adminis- 


tered in very large quantities. 


SUMMARY 


Rats from which the parathyroids were removed at 50 or 75 
days of age and which were fed on the Steenbock stock ration 
without the milk supplement until 150 days of age showed no 
change in the water, lipid, or ash content of their femora or humeri 
as compared to normal controls. The blood calcium of the para- 
thyroidectomized animals was somewhat below normal at the 
termination of the experiment and eight of twenty-one rats so 
treated showed other signs of parathyroid deficiency, such as 
tetany, weakness, stiffness of the rear legs, and decreased rate of 
growth or actual loss of weight. Three of these animals died 
during the experimental period. 

Irradiated ergosterol solution (1000 D) incorporated into the 
ration at a 1 per cent level and given to another series of twenty- 
one parathyroidectomized rats failed to maintain normal concen- 
tration of blood calcium, and two of these twenty-one showed loss 
of weight, general weakness, and stiffness of the rear legs, but none 
experienced tetany or died during the duration of the experiments. 
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RELATION OF THE PARATHYROID GLANDS TO THE 
TOXICITY OF IRRADIATED ERGOSTEROL 


By JAMES H. JONES 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, January 5, 1933) 


Owing to the similarity of the pathological changes produced by 
large doses of parathyroid extract and irradiated ergosterol Taylor, 
Weld, Branion, and Kay (1) have concluded that there is a physio- 
logical relationship between these two materials. They believe 
that the parathyroid glands are stimulated to greater activity by 
the vitamin D preparation, and the toxicity of the latter is due to 
an indirect production of an excess of the active principle of the 
parathyroids. According to them, the hypercalcemia or other 
toxic symptoms which have been produced by irradiated ergosterol 
in parathyroidectomized animals are due to a stimulation of ac- 
cessory parathyroid tissue, which they claim is invariably present. 
If such is the case, it should be possible to reduce considerably the 
toxicity of irradiated ergosterol by removal of the accessible para- 
thyroid glands even though the inaccessible parathyroid tissue 
remained intact. In the following experiments the susceptibility 
of parathyroidectomized animals and normal control animals 
which were not operated upon to the intoxication of irradiated 


ergosterol has been compared. 
EXPERIMENTAL 


Young adult albino rats were used as experimental animals. 
The first part of the investigation consisted in determining the 
approximate minimum daily dose of irradiated ergosterol which is 
fatal for parathyroidectomized and control animals. At the same 
time the survival periods (time elapsing between the beginning 
of irradiated ergosterol administration and death) for parathyroi- 
dectomized and control animals on several different lethal doses 


were compared. 
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The rats were handled in pairs, a parathyroidectomized and 
a control animal. Except in a few cases the animals of each 
pair were of the same sex and litter. In order to make sure that 
the parathyroidectomized rats were actually experiencing a de- 
ficiency of parathyroid secretion, only those animals seen in tetany 
were used. Rats do not develop tetany as readily as dogs after 
the parathyroid glands have been removed, but Shelling (2) has 
shown that if a rat is placed on a calcium-low diet at the time of 
the operation it will usually show some signs of tetany within 24 
to 48 hours. In these experiments the parathyroidectomized ani- 
mal with its paired control was put on a diet low in calcium im- 
mediately following the removal of the glands. When the para- 
thyroidectomized animal showed tetany, both members of each pair 
were returned to the stock diet (3) and the feeding of irradiated 
ergosterol was begun. If a parathyroidectomized animal did not 
show tetany within 4 or 5 days it and its control were discarded. 

The irradiated ergosterol used was kindly furnished by Mead 
Johnson and Company and was their special experimental prep- 
aration with an antirachitic potency of 10,000 X. Regardless 
of the dose administered, this preparation was so diluted with 
cottonseed oil that each animal received 0.01 cc. per 10 gm. of 
body weight per day. It was given by mouth from a tuberculin 
syringe. The results of this experiment are summarized in Ta- 
ble I. The first animal of each pair is the parathyroidectomized 
animal and the second is the control. Rats 5 and 34 were para- 
thyroidectomized but had no paired controls. The daily doses 
of irradiated ergosterol per 100 gm. of body weight are expressed 
in Steenbock units. The first five animals (Rats 1 to 5, Table I) 
received 9750 units per 100 gm. of weight per day. After 50 
days these five animals were all alive and none showed any ex- 
ternal signs of intoxication. 

The dose for fourteen animals (Rats 6 to 19) was 13,000 units 
per 100 gm. per day. All of the animals, parathyroidectomized 
as well as controls, showed typical symptoms of irradiated ergo- 
sterol intoxication, and all were dead before the 50th day. These 
results would indicate that under the conditions of this experi- 
ment the minimum lethal dose for rats is between 10,000 and 
13,000 units per day per 100 gm. of body weight, and that the 
amount necessary to produce death is not appreciably affected by 
the removal of the parathyroid glands. 


J. H. Jones 345 


TABLE I 
Effect of Parathyroidectomy on Minimum Daily Dose of Irradiated Ergosterol 
Fatal for Rats and on Survival Period of Rats on Various Lethal Doses 


Days before Days before 
Rat No. death Rat No. death 
weight weight 
units* units* 
1 9,750 50t 18 13 ,000 36 
2 9,750 50T 19 13 ,000 27 
3 9,750 50tT 20 15,600 10 
4 9,750 50t 21 15,600 29 
5 9,750 50t 22 15,600 24 
23 15,600 6 
6 13,000 45 
7 13,000 26 24 15,600 8 
25 15,600 15 
8 13,000 24 
9 13,000 29 26§ 15,600 13 
27 15,600 | 10 
10 13,000 19 
ll 13,000 25 28t 15,600 14 
29 15,600 10 
12t 13,000 21 
13 13,000 20 30 19,500 6 
31 19,500 12 
14 13,000 19 
15 13,000 25 32 19,500 8 
33 19,500 12 
16 13,000 41 
17 13 ,000 45 34 19,500 5 
Average No. of days before death 
Parathyroidectomized rats Control rats 
13,000 29 28 
15,600 14 14 
19,500 6 12 


The first animal of each pair was parathyroidectomized; the second was 
acontrol. Rats 5 and 34 were parathyroidectomized. 

* Steenbock units. 

t Chloroformed. 

t Not of same litter or sex as paired control. 

§ Not of same litter as paired control. 
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As may be seen in Table I there is considerable variation among 
individuals in the length of the survival period, but this variation 
is as great among the parathyroidectomized as among the control 
animals. 

Ten animals were given 15,600 units and five received 19,500 
units per 100 gm. per day. These rats also developed toxic symp- 
toms followed by death regardless of the absence or presence of 
the parathyroids. Again there was considerable individual varia- 
tion in the length of time the animals lived after the beginning of 
irradiated ergosterol administration, but as expected the survival 
time was, to a certain extent, inversely proportional to the size of 
the dose. The failure of the removal of the parathyroid glands to 
influence the time necessary for any given lethal dose to produce 
death is distinctly shown by the averages at the bottom of Table I. 

In another experiment the effect of parathyroidectomy on the 
hypercalcemia induced by irradiated ergosterol was studied. The 
details of the experiment were similar to those described above 
except that the rats were killed after 10 days of irradiated ergo- 
sterol administration, at which time blood samples were taken and 
the sera analyzed for calcium. The animals were divided into a 
parathyroidectomized series and a control series. Each series 
was divided into five groups with five animals in each group. The 
animals of the first group of each series were given no irradiated 
ergosterol but were killed when the parathyroidectomized animals 
showed tetany. The rats of the other groups of each series were 
given daily respectively 9750, 13,000, 15,600, and 19,500 units of 
vitamin D as irradiated ergosterol per 100 gm. of body weight. In 
preliminary tests it was observed that the rate of mortality of the 
rats receiving the largest amount of the vitamin D preparation 
was very high by the 10th day. Consequently in this experiment 
the animals receiving this dose were killed after 8 days of adminis- 
tration of the drug. 

The results of this experiment are summarized in Table II. 
Only the average number of mg. of calcium per 100 cc. of serum 
for each group is given, although individual analyses on the serum 
of each rat were made. 


Table II shows that the serum calcium of the animals of the first’ 


parathyroidectomized group was considerably below normal and 
within the limits expected of animals in tetany. The sera of the 


J. H. Jones 347 


first group of control animals had normal calcium concentrations. 
The calcium values for the blood of the animals of all other groups 
were considerably above normal. The degree of hypercalcemia 
produced was as great in the animals from which the parathyroids 
had been removed as in the control animals. As the level of cal- 
cium was below normal in the parathyroidectomized animals at 
the beginning of irradiated ergosterol administration, the actual 
increase in the concentration of calcium in these animals was 
greater than that of the controls. The extent of the hypercalce- 
mia produced is in general proportional to the amount of the 


TABLE II 
Effect of Parathyroidectomy on Hypercalcemia Induced by Irradiated 
Ergosterol 
There were five rats in each group. 
Parathyroid ized rats Control rats 
Daily dose Daily dose 
Ca per 100 cc. " Ca per 100 cc 
Group No. | | serum Group No. | | 
weight weight 
1 0 6.7 1 0 11.4 
2 9,750 16.5 2 9,750 16.4 
3 13,000 18.0 3 13,000 18.2 
4 15,600 17.8 4 15,600 19.3 
5 19,500 19.5 5 19,500 19.5 


*Steenbock units. 


vitamin D preparation fed. A minor exception to this general 
trend is seen in Group 4 of the parathyroidectomized animals. 
The average for this group is slightly below that of Group 3 of 
the same series. From these data it is apparent that neither the 
daily dose of irradiated ergosterol nor the length of time of ad- 
ministration necessary to produce a given hypercalcemia is influ- 
enced by the removal of the parathyroid glands. 

In a recent publication Pugsley (4) has shown that large doses 
of parathyroid extract increase the excretion of calcium in both the 
urine and feces, whereas irradiated ergosterol in large doses in- 
creases the excretion of calcium by way of the urine but decreases 
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the elimination of this element in the feces. Pugsley has inter- 
preted these data as indicating that these two substances have 
different physiological actions. The data presented here indi- 
cate that the toxicity of irradiated ergosterol for rats is not de- 
creased by the removal of the parathyroid glands. 


SUMMARY 


The minimum daily dose of irradiated ergosterol which is fatal 
for a rat is not altered by the removal of the parathyroid glands, 
nor is the survival period on any given lethal dose affected by such 
procedure. 

Hypercalcemia is produced as quickly and with the same daily 
dose of irradiated ergosterol in parathyroidectomized rats as in 
control animals which retained their complete parathyroid tissue. 

It is evident that the toxicity of irradiated ergosterol is not due 
to the stimulation of parathyroid tissue to greater activity. 
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THE FATE OF TARTARIC ACID IN THE HUMAN BODY* 


By PHILIP FINKLE 


(From the Division of Laboratories and from the Medical Service of Dr. 
George Baehr, the Mount Sinai Hospital, New York) 


(Received for publication, January 21, 1933) 


Until recently no accurate method existed for the quantitative 
determination of small amounts of tartaric acid in the urine. In 
1931 Underhill, Peterman, and Krause (1) reported a colorimetric 
method based upon the reaction between metavanadates and tar- 
taric acid in which a golden red color results. We are able to 
report upon its accuracy, for this identical method was developed 
independently by me in this laboratory and has been employed 
in our investigation upon tartaric acid during the past 3 years. 

The fate of tartaric acid both in experimental animals and in 
the human body has been the subject of a great many studies, the 
most important of which are those of Pohl (2), Brion (3), Neuberg 
and Saneyoshi (4), Underhill and coworkers (5), Salant and Smith 
(6), and Simpson (7). Yet, uncertainty existed until recently 
concerning the fate of this fruit acid in the human body. 

In general, the view has been that tartaric acid is oxidized in 
the body. Dakin in his book ((8) p. 61) states that both d- and 
i-tartarie acids are oxidized in the body, though less readily than 
either malic or succinic acid. He quotes the work of Brion and 
of Neuberg. The results of the earlier work of Underhill (5) 
were also in accord with the view that tartaric acid is oxidized in 
the body. However, in these experiments upon rabbits, large 
doses of tartrates were used, causing damage to the kidney tubules 
and serious disturbances in renal function. 

In their recent work, Underhill, Leonard, Gross, and Jaleski (9) 
report results in animals which are at variance with earlier reports. 
In both rabbits and dogs, when non-toxic doses of tartrate are 
administered either orally or intramuscularly, they were able to 
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recover from 74 to 99 per cent in the urine. When the dose of 
tartrate administered is sufficient to cause marked renal damage, 
the tartrate excretion is greatly diminished. In the rat, the aver- 
age urinary output is 68 per cent and 79 per cent respectively for 
oral administration and subcutaneous injection. They found that 
the guinea pig is unique in that it excretes in the urine up to 27 
per cent of tartrates administered by mouth, and practically 100 
per cent of tartrates given subcutaneously. 

Underhill, Peterman, Jaleski, and Leonard (10) report experi- 
ments in man in which they find that about 20 per cent of tar- 
trates administered by mouth is excreted in the urine. Their 
results are therefore inconclusive as regards the fate of tartaric 
acid in man. 

The experiments which we now report indicate that tartaric 
acid cannot be oxidized or otherwise utilized by human beings. 


EXPERIMENTAL 
Methods 


The subjects of the experiments consisted of twenty-four male 
individuals (male, in order to facilitate collection of specimens) 
six of whom were interns. The remaining eighteen were patients 
on the service of Dr. George Baehr. All of the subjects were 
adults, none of whom suffered from renal disease. In view of the 
experimental observations of Underhill, Salant, and others which 
demonstrated that severe damage to renal tubules resulted from 
injection of large quantities of tartrate into laboratory animals, 
it is of interest to note that no untoward effects followed the ad- 
ministration of tartaric acid or sodium tartrate in any of our ob- 
servations. Albumin did not appear in the urine. 

In each instance preliminary examination of the urine showed 
that no tartrate was present. All the urine excreted from the 
time of administration of the tartaric acid was collected. In the 
first six subjects each specimen of urine voided was examined for 
the presence of tartrate. It was found that the total tartrate 
which appeared in the urine was always excreted within 12 hours 
after ingestion. 

Fate of Tartaric Acid Given by Mouth—The first twelve subjects 
were given d-tartaric acid in two capsules of 1 gm. each, and were 
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permitted to drink as much water as desired. It was found unnec- 
essary to impose dietary restrictions. 

From Table I it is seen that only part of the tartaric acid taken 
by mouth is excreted in the urine. The amount ranges from 11 to 
24 per cent of the total acid ingested, the average in the case of 
twelve individuals being approximately 17 per cent. The results 
are in agreement with those found by Underhill, Peterman, Jaleski, 
and Leonard (10) in their study of four individuals to whom they 
gave tartaric acid by mouth. 


TABLE I 
Excretion of Tartaric Acid in Urine Following Ingestion of 2 Gm. of 
Tartaric Acid by Mouth 


acid adminis- id adminis- 

tration follow- | Tartrate | [gested tration follow- | Tartrate | Ingested 

Subject ing meal excreted Subject ing meal excreted quested 
(some cases | in urine 


after last meal in urine ater at el in urine | ‘in urine 
hrs. mg. per cent hrs. mg. per cent 
En 2 230 11.5 Ro 4 366 18.3 
Ma 2 227 11.3 Le 2 380 19 
La 2 315 15.7 Pa 2 405 20.2 
Sa 4 286 14.3 Ko 2 344 17.2 
Hi 4 400 20.0 He 2 495 24.7 
Th 6 286 14.3 Ro 4 465 23.2 


Effect of Calcium-Rich Food Ingested Simultaneously with Tar- 
taric Acid—In order to ascertain what the effect might be of taking 
food rich in calcium together with tartaric acid, two subjects were 
given 4 gm. of tartaric acid with two glasses of milk. This was 
administered in two equal doses 1 hour apart. One glass of milk 
was given with each dose. 

Apparently (Table II) the ingestion of milk, which is high in cal- 
cium content, simultaneously with tartaric acid has no significant 
effect upon the tartrate excretion in the urine. The two subjects 
excreted 15.9 and 14.5 per cent respectively of the tartrate in- 
gested. This is approximately equivalent to the quantity ex- 
creted by the other subjects who took only water with the tartaric 
acid. 
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From the foregoing it is clear that only a comparatively small 
proportion (less than 20 per cent) of the tartrate taken by mouth 
reappears in the urine. These facts may be interpreted in a num- 
ber of ways. (1) The greater part of the tartrate ingested, about 
80 per cent, may undergo oxidation in the body to CO, and water, 
as in the case of citric acid. (2) The tartrate may be stored in 
the body and eliminated as such in small quantities over a long 
period of time. (3) The greater part of tartaric acid taken by 
mouth is not absorbed. It is either destroyed in the intestinal 
tract by bacterial action, or is excreted in the stool in the form of 
calcium tartrate or other insoluble salt. 


TABLE II 


Excretion of Tartrate in Urine Following Ingestion by Mouth of 4 Gm. of 
Tartaric Acid with Milk (for Calcium Content) 


; } gm. tartaric aci i I 
subicct mike” | in | tartrate 
4.30 p.m.) 
mg. per cent 
Ei 8 p.m. 
= 635 15.9 
Go “ 
582 14.5 


Fate of Tartrate Administered by Intramuscular Injection— 
In order to determine whether the human body is capable of 
utilizing tartaric acid, ten subjects were given sodium tartrate 
by intramuscular injection. By this means, also, the possibility 
of extraneous action by bacteria in the intestinal tract was obviated. 

Neutral pure sodium tartrate in the form of a 20 per cent solu- 
tion in distilled water was used, and the solution sterilized by boil- 
ing. In each of eight of the subjects 5 cc. of this solution (1 gm. 
of sodium tartrate) were injected into the gluteal muscles. Two 
other subjects received 10 ce. each. The urine was then collected 
for 12 hours. 

As shown in Table III tartrate injected intramuscularly is 
eliminated almost quantitatively in the urine, within 12 hours. 
Between 85 per cent and 98.5 per cent of the quantity injected 
appeared in the urine in this period. 


‘ 
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Rate of Excretion of Tartrate Injected Intramuscularly—To de- 
termine the rate at which the injected tartrate is excreted in the 
urine, in each of two of the subjects 2 gm. (10 cc. of a 20 per cent 


TABLE III 
Excretion of Tartrate in Urine Following Intramuscular Injection of 20 Per 
Cent Sodium Tartrate Solution 


Injected Injected 

‘abject | Tartrate | Tartrate | tartrate sect | Tartrate | Tartrate | ‘tartrate 

Sublect injected | | gxereted | | injected | | secreted 
Ho 1000 890 89 Ga 1000 860 86 
So 1000 870 87 Ka 1000 960 96 
San 1000 914 91.4 Mi 1000 850 85 

Li 1000 910 91 Be 2000 1970 98.5 
Ca 1000 870 87 Wi 2000 1900 95 

TABLE IV 


Rate of Excretion of Tartrate in Urine Following Intramuscular Injection of 
20 Per Cent Sodium Tartrate Solution 


Subject Be. 2 gm. sodium tartrate | Subject Wi. 2 gm. eodium tartrate 
Time after injec- 
saa Tartrate excreted | Injected tartrate | Tartrate excreted | Injected tartrate 
in urine excreted in urine excreted 
hrs. mg per cent mg. per cent 
2 570 28.5 570 28.5 
4 570 28.5 570 28.5 
6 374 18.7 460 23 
8 286 14.3 300 15 
10 170 8.5 
12 
1970 98.5 1900 95 


solution) of sodium tartrate were injected into the gluteal muscles. 
The urine was collected every 2 hours for a period of 12 hours, and 
the quantity of tartrate was determined in each specimen. 

It is seen from Table IV that almost the total quantity of tar- 
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trate appeared in the urine within 10 hours following injection. 
Almost 60 per cent of the injected tartrate reappeared in the urine 
within the first 4 hours following administration. In one subject, 
90 per cent of the injected tartrate was excreted within 8 hours, 
and the remaining 8 per cent between the 8th and 10th hour. In 
the other subject 80 per cent of the injected tartrate was excreted 
within 6 hours, the remaining 15 per cent being excreted between 
the 6th and 8th hour after injection. 


SUMMARY 


The experiments demonstrate that tartaric acid (sodium tar- 
trate) is not burned in the human body. When injected intramus- 
cularly it reappears almost quantitatively in the urine within 10 
hours, the major portion being excreted within the first 4 hours. 
Apparently the human body can neither oxidize nor otherwise 
transform this acid. 

When taken by mouth, only about 20 per cent of ingested tar- 
trate is eliminated in the urine. At no time in the course of in- 
vestigations have any traces of tartrate taken by mouth been 
demonstrated in the feces. It has long been known that tartaric 
acid is destroyed by fungi and by certain bacteria. Pasteur (11) 
in 1860, treated a mixture of d- and /-tartaric acid with the mold, 
Penicillium glaucum, and found that the d-tartaric acid was de- 
stroyed by this organism. Maassen (12) in 1896 found that 
twenty-three varieties of bacteria were able to destroy tartaric 
acid, among those being the Bacillus pyocyaneus, the Friedlander 
bacillus, the typhoid bacillus, the Bacterium enteritidis of Gaert- 
ner, and the Bacillus coli. Underhill et al. (10) found that tartaric 
acid is destroyed by fecal material. It is therefore probable that 
the portion of tartaric acid given by mouth which fails to appear 
in the urine (80 per cent) is destroyed in the intestinal tract by 
bacterial action. 20 per cent or less is absorbed before it is sub- 
jected to the destructive action of the intestinal bacteria, and is 
excreted in the urine. The experiments of Pickens and Hetler 
(13) are in accord with these results. They gave large quantities 
of grape juice to their subjects and found that the urine was acid 
and not alkaline as might be expected from feeding of malic or 
citric acid. The excretion in the urine of a part of the tartaric 
acid present in the grape juice may account for their findings. 
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The conclusion that tartaric acid (sodium tartrate) cannot be 
utilized in the human body and is excreted by the kidneys is at 
variance with previous reports, probably owing to the fact that in 
the earlier experiments such large amounts were injected into 
small animals that severe injury to renal tubules resulted. The 
serious, often fatal disturbance in renal function delayed or pre- 
vented the excretion of much of the ingested acid. The methods 
for determination of small amounts of tartaric acid also were not 
as accurate as the methods utilized by us. The last experiments 
reported by Underhill et al. (9) indicate that neither the dog, rab- 
bit, nor guinea pig can utilize tartaric acid. With the doses em- 
ployed in our observations on human beings renal damage did 
not occur, and it is therefore possible to recover practically all of 
the injected tartrate in the urine and to demonstrate that none of 
this fruit acid is utilized by human beings. 
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ON THE NATURE OF THE SACCHAROID FRACTION OF 
HUMAN BLOOD 


By GLADYS J. FASHENA 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, January 25, 1933) 


Among the many substances which have been evoked by various 
authors to account for the non-sugar reducing fraction of blood, 
glutathione and thioneine have recently received emphasis. 
Somogyi (1) was perhaps the first to suggest that these com- 
pounds are chiefly responsible for the reduction yielded by blood 
filtrates after fermentation with yeast. Benedict and Newton (2), 
as a result of their isolation of glutathione from sheep blood, were 
led to assume that glutathione is responsible for a large proportion 
of the non-sugar reduction yielded by blood. More recently 
Herbert and coworkers (3-5) have concluded, as a result of ex- 
tensive comparative determinations, that glutathione alone may 
account for the non-sugar reducing value of the blood as observed 
by them. Benedict (6) subsequently called attention to the fact 
that a critical analysis of the data of these authors failed to sub- 
stantiate their contention and showed that the evidence indicated 
that glutathione cannot account for a very large proportion of the 
saccharoid content of blood. At the time the above studies were 
carried out, the amount of-glutathione in human blood had not 
been accurately determined and workers were forced to rely on 
rough estimates of the quantity of this compound present in 
blood, so that definite conclusions were not warranted as to the 
amount of saccharoid in blood which is represented by glutathione. 

With the development in this laboratory of a more specific and 
easily applied method for the determination of glutathione in 
blood (7), it was felt that direct comparative studies upon the 
glutathione and the saccharoid content of blood would be of dis- 
tinct value in elucidating the relationship existing between these 
357 


XUM 


358 Saccharoid Fraction of Blood 


substances. We also had in mind the possibility of developing a 
technique for precipitating the glutathione from the blood filtrate 
and determining the effect of such removal upon the non-sugar 
reducing fraction, thus affording a direct means of checking the 
comparative determinations. 

The general plan of the work was to determine the glutathione 
and saccharoid content of the same samples of blood. Since the 
reducing value of glutathione in terms of glucose is known (2, 4), 
we may then readily calculate how much of the rest reduction in 
each of these samples of blood is due to glutathione. Through 
use of a method for removing glutathione from blood filtrates 
without apparently removing other saccharoids, and determining 
the saccharoids before and after such removal, an additional check 
was made available upon the part contributed by glutathione to 
the saccharoid content of the blood. 

Samples of blood were obtained from hospital and ambulatory 
clinic cases. Sodium oxalate was employed as the anticoagulant. 
The samples were immediately deproteinized by the tungstomo- 
lybdic acid technique (8), and the glutathione content of the blood 
filtrate was determined at once by the Benedict-Gottschall method 
(7). The saccharoid content of the filtrate was determined by two 
procedures: (1) the Benedict procedure (6), which consists in 
making determinations on the same filtrate with and without the 
addition of sodium bisulfite to the copper reagent; and (2) by de- 
termination of the reducing value of blood filtrates by the Folin- 
Wu reagent after fermentation with yeast. In connection with 
the Benedict procedure it was found that in the determination 
made without the sodium bisulfite, it is advisable to employ a 
standard which differs in reducing value from the unknown solu- 
tion read against it by not more than 20 mg. per cent (of sugar in 
the original blood) in order to avoid errors due to the relatively 
poorer proportionality of the reagent in the absence of sulfite. 
It will be seen in Table I that these values show general agreement 
with the results obtained on the same filtrates by Folin-Wu de- 
terminations after fermentation. Washed yeast (9) was em- 
ployed to ferment the filtrates and the rest reduction was then 
determined by the Folin-Wu method, glucose standards being 
used which varied not more than 2 mm. from the unknowns read 
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TABLE I 
Showing Total Saccharoid and Glutathione Content of the Same Samples of 
Human Blood 
All figures are in mg. per 100 cc. of whole blood. 
Reducing ma- 
terial expressed | Saccharoids Observed | Theoreti- | Per cent 
on. as Gluta- | Teducing | cal reduc- | of total 
. value of | ing value | saccha- 
____ | method (6)) thione | filtrate | of filtrate | roids due 
P Gluta- | value cal- | (rolin-Wu |(Folin-Wu | to gluta- 
No. Folin- | thione | culated  |'method) | method) | thione 
with | With- | Bene- (Folin-Wu| | removal lated from 
sulfite | _ Out dict on fer- reagent) | of gluta- | of gluta- | Columns 
sulfite | method! mented thione 5 and 6) 
filtrates 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
1* | 114 | 137 | 23 | 24 46 9 16 15 37 
2* | 125 | 150 | 25 | 28 38 8 20 20 29 
3* | 132 | 150 | 18 | 23 36 7 14 16 30 
4 102 | 135 | 33 | 22 38 s 15 14 32 
5 202 | 232 | 30 | 20 29 6 15 14 30 
6 88 | 114 | 26 | 18 35 7 11 ll 39 
7 70 89 | 19 | 24 40 8 16 16 33 
8 76 93 | 17 | 21 40 8 17 13 38 
9 79 98 | 19 | 22 33 7 16 15 32 
10 61 84 | 23 | 20 39 8 13 12 40 
11 64 80 | 16 | 22 35 7 15 15 32 
12 85 99 | 14 | 19 36 7 ll 12 37 
13 189 | 201 12 | 19 43 9 12 10 47 
14 88 | 112 | 24 | 22 46 9 14 13 41 
15 105 | 127 | 22 | 26 37 7 16 19 27 
16 66 86 | 20 | 22 41 8 14 14 36 
17 95 | 112 | 17 | 22 40 8 17 14 36 
18 96 | 115 | 19 | 23 41 8 15 15 35 
19 180 | 195 | 15 | 20 40 8 ll 12 40 
20 84 | 102 | 18 | 14 41 8 9 6 52 
21 90 | 118 | 28 | 23 30 6 17 17 26 
22 82 99 17 18 43 9 1l 9 50 
23 128 | 145 | 17 | 21 32 6 16 15 29 
24 87 | 108 | 21 | 18 43 9 11 9 50 
25 72 | 102 | 30 | 26 43 a) 20 17 35 
Average........ 22 | 21.5] 38 7.6 14.5 14.0 36.6 


* These samples represent pooled specimens from more than one indi- 
vidual. 
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Precipitation of the glutathione was effected by means of a 7 
per cent aqueous solution of mercuric chloride. In our early 
work with this procedure, 0.5 volume of this solution was added 
directly to the 1:10 filtrate and thoroughly mixed. A very finely 
divided whitish precipitate was seen to form after a few minutes, 
which increased in amount for about 20 minutes. It was ex- 
ceedingly difficult, however, to remove the precipitate even with 
centrifugation and filtration and it was found necessary to con- 
centrate the filtrate by boiling before adding the mercuric chlo- 
ride, in order to obtain a precipitate which may readily be re- 
moved by the centrifuge. Apparently the hydrolysis which 
glutathione may undergo when boiled in an acid medium has no 
effect upon its subsequent precipitation, as it was found that the 
concentrated filtrates responded qualitatively and quantitatively 
like unboiled filtrates to mercuric chloride treatment. The 
procedure finally adopted for the precipitation was as follows: A 
portion of the fermented blood filtrate was concentrated by boiling 
to one-half its original volume. An equal volume of 7 per cent 
mercuric chloride solution was then added, and the mixture 
allowed to stand for at least 1 hour. The mixture was then cen- 
trifuged at high speed and the supernatant liquid poured off and 
treated with hydrogen sulfide to remove the mercury. After 
removing the excess hydrogen sulfide by boiling and the mercuric 
sulfide by centrifugation, the solution was neutralized with solid 
sodium carbonate and the residual reduction determined by the 
Folin-Wu method, It will be seen in Table I that the amount of 
reducing material removed by this procedure shows a remarkably 
close correspondence with the glucose equivalent of the actual 
glutathione content of the sample. Furthermore, glutathione 
determinations upon the filtrates obtained after treatment with 
mercury yielded no more color than is given by a blank. The 
close correspondence between the loss in reducing value of the 
filtrate as calculated from loss of glutathione and that actually 
found indicates that of those substances which contribute appre- 
ciably to the saccharoid value of blood, the mercuric chloride 
removes only glutathione. It is of interest to note that a strong 
test for glutathione may be obtained from the mercury precipitate 
after treating with hydrogen sulfide to remove the heavy metal. 
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In this fact we may have a possible method of recovering this 
compound from human blood. 

It was found that if the pH of the original tungstomolybdic 
filtrate were less than 5, glutathione did not precipitate after 
addition of mercuric chloride; in such cases enough solid sodium 
carbonate was added to bring the filtrate to a pH of approxi- 
mately 5.0 (green to brom-cresol green). It also became ap- 
parent during the work that if the unacidified filtrates were allowed 
to stand for any appreciable length of time before treating with 
mercury, complete precipitation of the glutathione could not be 
effected, only that portion of the glutathione which remained in 
the unoxidized form, as determined by the Benedict-Gottschall 
method, being precipitated. Further experiments carried out on 
aqueous solutions of glutathione also indicated that the reduced 
form is readily precipitated by mercury, while the oxidized gluta- 
thione obtained by aerating a solution which had been brought to 
pH 8, is unaffected by that reagent.! Treatment with mercuric 
chloride was therefore carried out immediately after the filtrate 
was obtained. : 

Table I presents the results obtained in the present study. It will 
be seen that the average glutathione content of the twenty-five sam- 
ples is 38 mg. per cent, while the saccharoid value averages 22 mg. 
percent. The reduction value of the 38 mg. of glutathione in terms 
of glucose is 7.6 mg. per cent as against an average of 7 mg. actually 
found to be removed by mercury precipitation. Since we know 
that 5 mg. of glutathione have a reduction value equal to 1 mg. 
of glucose with the Folin-Wu reagent (2, 4), it will be seen that if 
one divides the glutathione value by 5, one obtains that portion 
of the total rest reduction which can be attributed to glutathione. 
Inspection of these figures shows that upon the average only 
slightly over one-third (37 per cent) of the saccharoid value of 
blood as determined by the Folin-Wu method can be accounted 
for as glutathione. In three out of the twenty-five blood samples 
analyzed, glutathione represented about one-half of the saccharoid 


1 The precipitation of glutathione by means of mercuric salts has been 
well known since Hopkins’ first paper on the isolation of glutathione from 
yeast (10). We have, however, failed to find mention of the fact that. 
reduced and oxidized glutathione behave differently toward mercuric salts. 
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present, while in four of the samples glutathione accounted for 
less than 30 per cent of this fraction. The results obtained by 
completely removing the glutathione from the filtrates are in 
complete accord with this conclusion. 

That oxidized glutathione in the blood may be responsible for 
the remaining two-thirds of the reducing non-sugar is a possibility 
to be considered. It has been shown by other investigators (11, 2) 
and confirmed by us that the oxidized and the reduced forms of 
glutathione exert the same degree of reducing power toward the 
Folin-Wu reagent. However, the quantities of oxidized gluta- 
thione in whole blood which have been reported by Thompson and 
Voegtlin (12), Mason (13), Schelling (14), and Woodward and 
Fry (15) are not of sufficient magnitude to account for an appre- 
ciable amount of the saccharoid fraction. We have in mind the 
further study of the points here involved. We believe that the 
experiments recorded in the present paper established quite 
definitely that about 63 per cent of the saccharoid fraction of 
human blood, as determined by the Folin-Wu method, is com- 
posed of reducing compounds other than glutathione. It is 
probable that different results would be obtained through the 
use of reagents other than the Folin-Wu for measurement of the 
reduction, where the reducing value of glutathione in terms of 
glucose assumes different proportions. Nevertheless, our results 
seem positively to establish the presence of a large saccharoid frac- 
tion in blood, the composition of which is still undetermined. 


SUMMARY 


1. Evidence is presented that the glutathione content of human 
blood accounts for only about 37 per cent of the total saccharoids, 
as determined by the Folin-Wu method. 

2. A method is presented for the precipitation of reduced 
glutathione from blood filtrates. 
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THE EFFECT OF PROTRACTED EXERCISE, INTESTINAL 
FERMENTATION, AND MODIFICATION OF DIET ON 
THE ATTAINMENT OF ABNORMAL RESPIRATORY 
QUOTIENTS BY RATS ON A FAT-DEFICIENT INTAKE 


By LAURENCE G. WESSON 


(From the Department of Pharmacology, Vanderbilt University School of 
Medicine, Nashville) 


(Received for publication, October 7, 1932) 


The writer reported in a preliminary paper (1) in 1927, that 
respiratory quotients considerably above 1 may be given by pre- 
viously fasted rats during carbohydrate assimilation if these rats 
have been maintained for some time on a restricted diet; further- 
more, that these rats, if fed relatively small amounts of certain fats 
or vegetables, would, for a time thereafter, have carbohydrate 
assimilatory quotients that were more nearly normal, that is 1 or 
less. Respiratory quotients greater than 1, when they represent 
approximately the true metabolism of the body, are considered 
indicative of a transformation of a part, at least, of the carbo- 
hydrate into fat. For these reasons, it was concluded that under 
the conditions of the experiment not only was a transformation of 
carbohydrate into fat taking place, but that this fat formation was 
abnormal and conditioned by a deficiency of a food factor in the 
diet. 

Confirmatory evidence that abnormal respiratory quotients may 
be obtained with rats on’a fat-deficient diet was obtained by Wes- 
son and Burr (2) and Burr and Beber (3). 

In the present paper are considered (a) the effect of the pre- 
liminary protracted exercise of rats in attaining abnormal respira- 
tory quotients, (6) the extent of the effect of gastrointestinal 
fermentation on the abnormal respiratory quotients, (c) the effect 
of varying the fat-deficient diet on the ultimate attainment of the 
abnormally high respiratory quotients, and (d) the continuance 
of the abnormal quotients when once attained. 
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EXPERIMENTAL 


Rats of either sex, weighing 90 to 270 gm., were placed on one 
of the following restricted diets over a period of 30 to 70 days. 

Diet 1 consisted of dextrin, 87.7 per cent; alcohol- and ether- 
extracted casein, 8.8 per cent; McCollum’s Salt Mixture 185 (4), 
3.5 per cent; iodine in the drinking water (2 drops of tincture of 
iodine per liter of distilled water). 

Diet 2 was the same as Diet 1, with the additional daily feeding 
of 0.5 gm. of ether-extracted yeast (Harris). 

Diet 3 was the same as Diet 2, with the further daily addition of 
an amount of the unsaponifiable fraction of cod liver oil (Mead 
Johnson) equivalent to 5 drops of the oil. 

Diet 4 consisted of dextrin, 96.5 per cent; inorganic salt mixture 
(5), 3.5 per cent. 

Diet 5 was the same as Diet 4, with the addition of the unsaponi- 
fiable fraction of cod liver oil as in Diet 3. 

Diet 6 was the same as Diet 5, with the further addition of 
extracted yeast as in Diets 2 and 3. 

Diet 7 consisted of dextrin, 96 per cent; Ca3(PO,)e, 2 per cent; 
NaCl, 2 per cent. 

Respiratory Quotient Determinations—These were made by one 
or the other of the two following methods. (1) By means of a 
closed circuit respiratory calorimeter, previously described (6, 7). 
The highest value for the respiratory quotient obtained with this 
apparatus after a carbohydrate test meal was selected as the one 
to represent a day’s run. (2) The Henderson-Haldane gas analy- 
sis apparatus with the use of the bell jar to collect the respired air 
(7). The majority of the quotients obtained with the Henderson- 
Haldane apparatus represent the metabolism of the rats at 4 to 5 
hours after the carbohydrate test meal. 

Procedures—The general procedure for obtaining the carbo- 
hydrate assimilatory quotients was much the same as that 
described in previous papers (1, 2, 7). 

The procedure used in determining the effect of past, prolonged 
exercise on the carbohydrate assimilatory respiratory quotients 
was as follows: Mild, forced exercise was given to the rats by 
means of the motor-driven exerciser previously described (8). 
The average daily duration of the forced exercise was 8 hours. 
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Feeding was carried out at intervals during the 8 hours. One 
group of rats (Rats 134 to 143) was exercised for 29 days in succes- 
sion, and another group (Rats 411 to 417) for 7 days. A day orso 
after the end of the 29 or 7 day period, the rats were fasted 24 hours 
and then given the usual dextrin test meal. The results ob- 
tained with the 29 day group (Table I) are compared with those 
with another group of rats (Rats 101 to 124) maintained on a similar 
diet (Diet 7), but with no forced exercise. All of the quotients of 
this portion of Table I were obtained with the closed circuit appa- 


TABLE I 
Respiratory Quotients of Rats with and without Past, Prolonged, Forced 
Exercise 
Zz Zz Zz 
gm. | days gm. | days gm. | days days 
101 154) 46 |1.08) 134) 210) 43 |0.99/411) 122) 49 57 | 1.00 
102 176) 4i |1.05) 135) 153) 47 |0.88/412) 118) 42 |1.03) 51 | 0.95 
107 161| 44 |1.13) 136; 137) 36 |0.79/414) 119) 48 |1.11) 57 | 1.00 
110 180} 45 |1.11) 137) 152) 37 |0.97/415) 114) 44 |1.04) 53 | 1.01 
116 211) 46 (0.99) 138) 152) 48 |1.09/416) 115) 40 |1.07) 49 | 1.08 
117 231, 48 |0.95) 139) 149) 40 |0.84/417| 124) 43 10.96; 52 | 0.98 
119 166) 48 |1.25) 142) 151) 51 |1.06 
123 153} 51 |1.00) 143) 153) 30 |1.13 
124 128} 46 |1.02 
Average...| 173) 46 |1.06 157| 42 0.97 1.04 1.00 


ratus and represent the peak of each day’s run. The results 
obtained with the 7 day group are respiratory quotients obtained 
with the Henderson-Haldane apparatus on a group of rats main- 
tained on Diet 6 before and following 7 days of forced exercise. 
Each represents the respiratory gas exchange 5 hours after the 
usual carbohydrate test meal. 

The procedure for determining the effect of gastrointestinal 
fermentation on the respiratory quotients was as follows: A rat 
with which abnormally high respiratory quotients had been ob- 
tained 5 hours after the test meal with the Henderson-Haldane gas 
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analysis apparatus on 1 or more days was given another test meal 
on a day succeeding these. 5 hours after this test meal, the rat 
was killed by a blow on the head, the gastrointestinal tract quickly 
removed, cut into small pieces, and immediately placed in a stop- 
pered side arm test-tube which was immersed in a water bath at 
38°. Aslow current of CO,-free air was passed for 2 hours through 
a delivery tube reaching to the bottom of the test-tube, and col- 
lected in a gas sampling bottle. The total volume of CO, in 
the air was then determined, and the ratio of this to the volume of 
O, used by the rat in the same length of time on the preceding day 
was calculated. This gives the maximum correction of the R. Q. 
due to gastrointestinal fermentation. 


RESULTS AND CONCLUSIONS 


Forced Exercise—The respiratory quotients (Table I) of groups 
of rats in the first instance with and in the second instance without 
29 days of forced exercise, and before and after 7 days of forced 
exercise, indicate that exercise, although increasing the use of 
metabolites, does not increase the carbohydrate assimilatory 
quotients that are later obtained. 

Gastrointestinal Fermentation—The effect of the fermentation of 
carbohydrate in the gastrointestinal tract is, as shown by Table II, 
relatively negligible, causing a true quotient of the rat’s metabolism 
of 1.00 to appear, at the most, as 1.01. This action, which could, 
perhaps, be intensified by a slowed carbohydrate absorption due to 
a vitamin or other lack in the diet, will not therefore account for 
the high quotients obtained with the same rats on which the effect 
of the gastrointestinal fermentation on the respiratory quotient 
was subsequently determined. 

Effect of Modifications in Fat-Deficient Diet—Of the 132 series 
of runs carried out on 60 rats, with six different diets, approxi- 
mately one-half was made with the closed circuit apparatus, and 
the other half with the Henderson-Haldane gas analysis apparatus. 
Both types of apparatus gave abnormal respiratory quotients of 
the same order of magnitude: for the closed circuit apparatus 
peak values were 1.05 to 1.40, average 1.15, and for the Henderson- 
Haldane apparatus 4th and 5th hour values were 1.05 to 1.76, 
average 1.15. In contrast to these abnormal values may be sum- 
marized results with twenty normal rats on a stock diet, which were 
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obtained (7) by the use of essentially the same procedure as that 
in the present paper. Selecting for these normal rats, as for the 
abnormal rats, the peak values of each day’s run to represent 
those obtained with the closed circuit apparatus, and the 4th and 
5th hour values to represent those obtained with the Henderson- 
Haldane apparatus (not necessarily peak values), we find 0.84 to 
1.00, average 0.94, with the former, and 0.75 to 0.98, average 0.85, 
with the latter apparatus. In no instance were values over 1.00 
obtained with these twenty normal rats that, except for the diet, 
were subjected to the same conditions as those under which the 
abnormal respiratory quotients of the present paper were obtained. 

To return now to the consideration of the rats on the fat-deficient 
diets, the proportions that showed respiratory quotients of 1.05 or 
more and the average high quotients were as follows: on dextrin, 


TABLE II 
Respiratory Quotient Correction because of Intestinal Fermentation 


Rat No. R. Q. preceding correction R. Q. correction 
191 1.12 0.007 
193 1.14 0.008 
194 1.13 0.014 
202 1.11 0.009 


casein, and salts (Diet 1), 8 of 10 rats, rR. Q. 1.12; on dextrin, casein, 
salts, and yeast (Diet 2), 2 of 2 rats, rR. Q. 1.12; on dextrin, casein, 
salts, yeast, and unsaponifiable fraction of cod liver oil (Diet 3), 
4 of 4 rats, R. Q. 1.10; on dextrin and salts (Diet 4), 20 of 21 rats, 
R. Q. 1.20; on dextrin, salts, and unsaponifiable fraction of cod 
liver oil (Diet 5), 4 of 4 rats, rR. Q. 1.11; on dextrin, salts, unsaponi- 
fiable fraction of cod liver oil, and yeast (Diet 6), 23 of 28 rats, 
R. Q. 1.12. That the metabolic abnormality is not caused by a 
deficiency of vitamin A, vitamin B complex, or vitamin D is there- 
fore demonstrated by these groups in which very little difference in 
the ultimate appearance of the abnormality was made by the inclu- 
sion of these vitamins in the restricted diet. 

The inclusion of casein in the diet as in Diets 1, 2, and 3, as 
contrasted with Diets 4, 5, and 6, does not prevent the appearance 
of the abnormality, as was also indicated in the preliminary paper 


4 
| 
| 

XUM 


370 Effect of Diet on R. Q. 


on this subject (1). Diet 4, dextrin and salts, seems to be con- 
ducive to higher carbohydrate assimilatory quotients. However, 
with none of the restricted diets have quotients of 2 or more been 
obtained since those found in some cases in the preliminary work. 
These may be attributed to error in those determinations or to a 
condition of the rats not since duplicated. 

Continuance of Abnormal Quotients—The question of whether a 
rat that has once demonstrated an apparently abnormal carbo- 
hydrate metabolism will continue to do so on subsequent days, if 
maintained on the same diet, or whether the fasting and carbo- 
hydrate feeding incidental to the respiratory determinations will 
in themselves cause a return to normal values, is an important one, 
for upon the continuance of these abnormal quotients depends the 
validity of conclusions drawn from their return to normal values 
after the inclusion of small amounts of fat in the diet. Twenty- 
three rats of the present series had respiratory quotients of 1.05 
or more on 2 or more days, while only four, having quotients of 1.05 
or more on 1 day, had quotients of less than 1.05 on a subsequent 
day. Of these four cases last mentioned, however, three were 
obtained with the Henderson-Haldane apparatus, which fact, as 
stated before, leaves open the possibility that the higher respiratory 
quotients that may have been present during the course of the 
assimilation of the carbohydrate test meal were missed because 
they did not fall within the period during which the sample was 
collected for analysis. There is, therefore, but one certain case in 
which a return to normal was found (Rat 195 to 1.04), as against 
twenty-three cases of a continuance of the abnormality when once 
attained. 

Several additional criteria of the degree of fat formation may be 
obtained by plotting graphs of the hourly respiratory quotients of 
the period of most active carbohydrate metabolism. One of 
these is the areas of these curves above the line r. a. = 1.00, areas 
that represent the duration as well as the intensity of fat formation. 
In the case of six of the above mentioned twenty-seven rats for 
which quotients were obtained for 6 hours in each of the two 
successive runs, it is found that the areas above the line R. Q. = 
1,00 average 1.60 sq. inches for the first runs, and those for the 
second are even greater, 2.93. 

On the other hand, another criterion is the amount by which 
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the areas of the abnormal curves exceed that of the average normal 
carbohydrate assimilatory respiratory quotient curve obtained 
under the same conditions (7). We find that the average difference 
for the first runs of these six abnormal rats is 5.66 and for the 
second it is greater, 7.01. 

For five rats, Rats W-30027 to W-30029, W-29298, and W-29309 
of a preceding paper (2), the relative values for the areas above 
R. Q. = 1.00 on the Ist day and then 1 to 2 weeks later are 2.07 
and 2.60; for the areas above normal, the corresponding figures 
are 6.43 and 6.97. 

SUMMARY 


1. The increased use of metabolites brought about by prolonged, 
forced exercise does not increase the carbohydrate assimilatory 
respiratory quotients of rats on a fat-deficient diet. 

2. The CO, arising from intestinal fermentation is not sufficient 
in amount to account for more than a relatively negligible correc- 
tion of the respiratory quotients of rats that exhibit abnormally 
high carbohydrate assimilatory respiratory quotients. 

3. Rats maintained on fat-deficient diets that include extracted 
casein and yeast, and the unsaponifiable fraction of cod liver oil 
exhibit this abnormality with nearly as great frequency but not to 
as great a degree as do those maintained on dextrin and salts 
alone, and thus the abnormally high respiratory quotients that 
are given by rats maintained on dextrin and salts alone are not 
due to a deficiency in the diet of protein or of vitamin A, vitamin 
B complex, or vitamin D. 

4. If rats, after a period of restricted diet, show this abnormality 
during carbohydrate assimilation, they continue nearly uniformly 
to exhibit the same abnormality on succeeding days under similar 
conditions. 
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CHEMISTRY OF THE INTEGUMENT 


Vv. A NEW COLOR REACTION FOR HYDROXYPROLINE AND ITS 
USE IN DISTINGUISHING THE SCLEROPROTEINS 


By WITHROW MORSE 
(From the Réhm Haas Company, Inc., Philadelphia) 


(Received for publication, January 5, 1933) 


Hitherto, indirect procedures alone have been available in dis- 
tinguishing the characteristic proteins of the skin. Collagen is 
recognized by its property of hydrolyzing to gelatin. Its low 
tyrosine content (1) (about 0.1 per cent) distinguishes it from 
keratin (tyrosine 10 per cent). Collagen is distinguished from 
elastin by its resistance to trypsin. None of these methods is 
carried out conveniently and quickly. 

We have discovered what we believe to be a color reaction 
specific for hydroxyproline; and since the content of this amino 
acid in collagen is high (2) (Dakin found 14.1 per cent in gelatin) 
as compared to the amount in other proteins (casein 0.23, zein 0.0, 
lactalbumin 0.0, edestin 2.0, keratin 0.0) we believe this test will 
be useful in identifying collagen. By using relatively small con- 
centrations of the substance under examination, we may distin- 
guish collagen from such proteins as we have mentioned and many 
others to be listed later in this paper. Substances interfering in 
the reaction as a distinguishing test will also be discussed. 

Reagents 

1. A secondary alcohol, such as methylhexylearbinol (secondary 
octanol (3)). 

2. Sodium peroxide. 

3. Hydrochloric acid, 5 Nn. 


Procedure 


In a test-tube place 3 drops of the alcohol and such an amount of 
the substance to be tested as will furnish approximately 1.0 mg. 
of hydroxyproline. Cover with a few drops of distilled water, 

373 


4 

a 
| 

XUM 


374 Chemistry of Integument. V 


then add about 0.5 gm. of sodium peroxide. Mix the contents of 
the tube well by snapping it in the fingers. Heat gently at first, 
then increase the heat until the contents of the tube are nearly dry. 
Cool thoroughly under running water; the preparation remains 
colorless at this stage; while cooling is continued, pour 2.0 cc. of 
5 n hydrochloric acid into the tube. Finally, leave the tube in a 
boiling water bath to develop the characteristic color, an amber- 
rose. 
Precautions—(1) The NazO, must be as free as possible of 
carbonate, which interferes with the reaction either as a contamina- 
tion of the peroxide or when added to the tube as pure substance. 
(2) Bromine or 10 per cent NaOH in the presence of 30 per cent 
hydrogen peroxide may replace the sodium peroxide, but we find 
the latter most satisfactory. (3) The heating with Na,O. must 
be thorough. An amber color is not evidence of a positive test 
and indicates that the nitrogenous substance is too highly con- 
centrated; in this case a second preparation should be made in 
which no color appears during the heating. (4) It is important 
that the acid be added only to the cold solution in the test-tube. 
A brownish color may develop if the contents of the tube are 
warm at this stage. (5) While it is possible with care to heat the 
tube in the final stage over a free flame, the water-bath is recom- 
mended to give the best results. 

Tests with hydroxyproline were made on the following sub- 
stances. 


Alcohols and Related Compounds - 


Primary Alcohols—Methanol, ethanol, propanol, butanol, normal 
amylol, negative. 

Iso Forms—Isopropanol, isobutanol, isoamylol, negative. 

Secondary Alcohols—Diethylearbinol, di-n-propylearbinol, di-n- 
butylearbinol, propylmethylearbinol, | methyl-n-butylearbinol, 
capryl (methylhexylearbinol) alcohol (crude), d-capryl (3, 4) and 
l-capryl (3, 4), secondary octyl hydrogen phthalate (4), brucine 
salt of secondary octyl hydrogen phthalate, positive. 
Glycerol, negative. 
Ethyl ether, caprylpheny! ether, negative. 
Hexylmethy] ketone, acetone, negative. 
Tricapryl alcohol (5) of unknown relationship, positive. 
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Sebacic acid, accompanying the capryl alcohol in the unpurified 
form, negative. 
Succinic and oleic acids, negative. 


Compounds Used As Substrate 


Amino Acids—Hydroxyproline, positive. Tyrosine, alanine, 
phenylalanine, aspartic acid, glutamic acid, hydroxyglutamic 
acid, arginine, lysine, cystine, tryptophane, histidine, leucine, 
valine, methionine, negative. 

Peptides—Glycylalanine, alanylglycine, glutathione, negative. 
Biuret, sodium nucleinate, monomethylamine, acetonitrile, ben- 
zene, urea, thiourea, diacetyl, isopropylbenzoic acid, acetyl ben- 
zoyl (6), pyridine, turpentine, pine oil, toluene, thymol, phenol, 
thiophene, ammonium nitrate, ammonium thiocyanate, negative. 

Animal Tissues and Various Proteins—Hemocyanin, fibrin, 
Witte’s peptone,' positive; commercial peptone, negative; steer 
hide (fresh), corium (1), standard hide powder, leather (sheep- 
skin), positive; corium treated with HNO», corium treated with 
formaldehyde, blood (Armour’s grade B),? negative; blood 
(Armour’s white), guinea pig blood (fresh), positive; vitellin, 
glutelin, arachinin, egg albumin, protalbinic acid, zein, hordein, 
edestin, negative; various commercial gelatin preparations,’ nega- 
tive; tendo Achillis, positive; elastin (ligamentum nuche), keratin 
(wool), keratose (7), glucose, guinea pig tissue (fresh), pancreas 
(Armour’s, frozen), whey powder, creatine, creatinine, negative. 

Comments—We found early in the research that only pure 
secondary capryl alcohol, of the various fractions of the crude 
product, gave a positive test. Later, we determined that the 
other secondary alcohols enumerated above likewise reacted 
positively. Both isomers of the capryl alcohol, prepared by the 
phthalate and brucine method of Pickard and Kenyon (3) gave 
a positive reaction; also the secondary octyl hydrogen phthalate 
gave a positive reaction. If high concentrations of pure hydroxy- 


1 Witte’s peptone is made from blood fibrin; the American product of 
Difco is made from muscle. 

? The color of the preparation interferes with the test. 

* The writer will give any further information concerning these products, 
if desired. In general, for those in which the hydroxyproline-containing 
liquor is retained the reaction is positive. 
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proline itself be employed, primary alcohols like propy] alcohol give 
a positive reaction; such substances must be employed in amounts 
of 100 mg. or higher. 

Of the various amino acids obtained by Dakin (2) from gelatin 
only hydroxyproline gives a positive color test in our experi- 
ence. The aromatic amino acids tyrosine and especially histidine 
gave an amber color in high concentration, but never the rose 
color; proline resembles histidine. Through tests with biuret and 
the peptides we have eliminated the possibility that the usual 
CONH linkage may be responsible for the reaction. In tissues, 
like collagen, or skin in general, the relatively high content of 
hydroxyproline is responsible for the immediate positive reaction; 
but with ovme: proteins in which the hydroxyproline content is 
small, larger portions must be taken to produce the color. Pig 
blood fibrin and Witte’s peptone give positive reactions, both being 
derived from the same source, namely the coagulable protein of 
blood. 

Nature of the Reaction—Heating a secondary alcohol of the kind 
mentioned in our list with strong alkali, accompanied by oxidation, 
is requisite in making the test. The resulting substance gives no 
characteristic absorption bands in the spectrophotometer. Con- 
cerning the possibility that the test is one for pyrrole, we may 
say that results with the diketones (diacetyl and acetylbenzoyl) 
and the ingredients of Knorr’s (8) well known test for pyrrole 
(pine oil, turpentine, etc.) are negative. Hemocyanin, stated by 
some (9) to contain, probably, a pyrrole nucleus, gives a positive 
reaction; but investigations on the chemistry and amino acid 
content of this protein are meager. The hydroxyl group seems to 
be necessary, because proline fails to give the reaction. 

Test for Collagen—We have spoken of the use of this test in 
distinguishing collagen. Deaminization of corium by means of 
nitrous acid inhibits the reaction. Likewise, treating corium with 
formaldehyde, thus methylenating it, results in a colorless reaction. 
We have found hydroxyproline to be loosely bound to collagen. 
When the substance is finely minced, as in a Wiley mill with 0.5 
mm. apertures, hydroxyproline actually may be washed from the 
substance to some extent. Trypsin-treated corium also gives up 
hydroxyproline to the liquor bathing it. These observations will 
be extended in further research. Finished leather gives a positive 
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reaction. In the use of the test in distinguishing other proteins, 
low concentrations must be used. 

Stability of the Product—If the color is once obtained, then 
the medium neutralized, the rose gives way to a yellow color. 
This cannot be altered by reacidifying. The acid solution as 
developed in the usual method of the test may be boiled indefi- 
nitely without loss of the rose color. The reaction, therefore, is 
not of the nature of an indicator. 

No quantitative method has been devised as yet. 


SUMMARY 


A test for hydroxyproline is given. Owing to the high content 
of this amino acid in collagen as compared to that in other pro- 
teins, especially the scleroproteins associated with collagen, the 
method serves at the same time as a test for collagen. 


Through the kindness of Professor H. T. Clarke, we were able 
to enjoy the facilities of the Department of Biological Chemistry, 
College of Physicians and Surgeons, Columbia University, and sev- 
eral of the supplies were made available to us in this way. To Pro- 
fessor R. A. Gortner we are indebted for several purified proteins. 
The corium used in this work was obtained by the cooperation of 
the New Jersey Agricultural Experiment Station, New Brunswick, 
and the Himmelein and Bailey Company, Camden, New Jersey. 
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THE ISOLATION OF CATECHOL FROM PIGMENTED 
ONION SCALES AND ITS SIGNIFICANCE IN RELA- 
TION TO DISEASE RESISTANCE IN ONIONS* 


By KARL PAUL LINK 


(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, University of Wisconsin, Madison) 


anv J. C. WALKER 


(From the Department of Plant Pathology, University of Wisconsin, and the 
Division of Horticultural Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture Field Laboratory, Madison) 


(Received for publication, January 9, 1933) 


INTRODUCTION 


In papers published recently in this Journal (1, 2) and elsewhere 
(3) we reported the isolation of protocatechuic acid (3,4-dihy- 
droxybenzoic acid) from the outer scales of pigmented onions 
(Allium cepa), and pointed out the significance of its occurrence in 
relation to disease resistance in the onion. In this communication 
we report the isolation of another toxic phenolic entity from pig- 
mented onions (the resistant varieties) which is not present in the 
outer scales of the white onions (the non-resistant varieties).' 
The second toxic entity has been definitely characterized and 
identified to be the phenol commonly known as catechol (1,2- 
dihydroxybenzene). Its toxicity to the fungus Colletotrichum 
circinans (Berk.) Vogl., the organism responsible for the onion 
disease known as smudge, is slightly greater than the toxicity of 
protocatechuic acid. 

Method of Isolating Catechol—A part of the improved technique 
developed for the isolation of protocatechuic acid ((2) p. 723) was 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

1 Some of the scales used in this investigation were obtained from onions 
grown at this Station. Scales from the onion fields near Racine, Wisconsin, 
and the onion-growing sections of California were also used. 
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employed in the isolation of the catechol. It is extracted from the 
pigmented scales along with the protocatechuic acid, pigments, 
etc., in the acetone extraction process. The acetone extract was 
concentrated as before, and the residue was taken up with water 
to separate the water-soluble from the water-insoluble substances.” 
To the aqueous solution neutral lead acetate (instead of the basic 
compound) was added until complete precipitation was effected. 
An excess of the lead was avoided. The lead precipitate was fil- 
tered off, washed with water, and decomposed with the requisite 
quantity of sulfuric acid. After the lead sulfate was removed, 
the faintly acid solution was made slightly alkaline with sodium 
bicarbonate and extracted with ethyl ether in a continuous liquid 
extractor until a test portion of the ether (the residue) no longer 
gave a positive reaction with a 5 per cent solution of ferric chloride. 

The ether solution was filtered through a large pad of dry, finely 
ground paper pulp on a Buchner funnel, and then concentrated 
under reduced pressure at 20°. The residue was exhaustively 
extracted with dry boiling benzene.* The slightly colored benzene 
solution was filtered to remove suspended matter and finally 
clarified by heating with activated blood charcoal. It was then 
concentrated under diminished pressure to dryness. When the 
solids from the benzene extraction were taken up in water, the 
catechol crystallized out in the form of prismatic needles, m.p. 
100—102°. The vessel was kept in an oxygen-free desiccator over 
calcium chloride. The air in the desiccator was replaced with 
nitrogen to prevent oxidation of the catechol (5). After one 
recrystallization from petroleum ether (60-70°) the catechol 
separated in monoclinic prisms or plates with the correct m.p. 
104°. 

When the solids from benzene extraction were subjected to a 
high vacuum distillation, the catechol distilled over at 160—165° 
under 0.1 to 0.05 mm. pressure and collected in the receiver in 
the form of glistening flakes. The catechol so obtained was 
analytically pure and had m.p. 104°. 

? Throughout the procedure the solutions were worked up as rapidly as 
possible and protected from atmospheric oxidation to prevent loss of 


catechol. 
3 The benzene extraction effects a separation of the catechol from any 
protocatechuic acid present, for the latter is practically insoluble in hot 


dry benzene ((4) p. 603). 
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The percentage yield of crystalline catechol was about the same 
when large batches of dry scales (5 kilos) or when smaller batches (1 
to 2 kilos) were used. From 100 gm. of dry scales 0.2 to 0.1 gm. 
of crude catechol can be readily isolated by the method outlined 
above. This does not represent all of the catechol present initially. 
Phenol determinations on solids obtained in the various steps 
indicated that not more than 50 per cent of the catechol was ob- 
tained in a crystalline condition. 

Identification of Catechol—A mized melting point was made with 
an authentic specimen of Kahlbaum’s catechol and gave no 
depression of the accepted value 104° ((4) p. 603, (6)). 

The catechol picrate, CsH,(OH),OH-C,H,(NO,)3, was prepared 
from the isolated catechol by the method of von Goedicke (7). 
Orange-yellow needles with m.p. 122° were obtained, in agreement 
with the value given by von Goedicke. 

The p-nitrosodimethylaniline derivative, (ON -CsHy-N(CHs)2)2-- 
C.H,(OH)s, prepared by the method of Torrey and Gibson (8), had 
m.p. 125° after crystallization from benzene (olive-green needles), 
identical with the constant reported. 

The anilide of catechol, CsH,(OH),CsHs(NH:), prepared after 
the method of Kremann and Rodinis (9) gave m.p. 39°, identical 
with the value reported. 

The ultimate analysis gave C 65.40 per cent, H 5.29 per cent 
(Pregl micromethod). Theory demands for CsH,O3, C 65.42 per 
cent and H 5.49 per cent. 

Control Experiments—Equal quantities of the outer scales from 
various varieties of white onions were subjected to exactly the same 
procedure as that outlined above for the pigmented scales. In no 
case was catechol detected or isolated. In order to eliminate the 
possibility that the catechol isolated from the pigmented scales 
arose through the decomposition of protocatechuic acid (5), the 
flavonol, quercetin, or the other pigments‘ present in the colored 
seales, definite quantities of each were added to the original 
acetone extract from the white scales and carried through the 
entire procedure as outlined. At no stage was there any evidence 


‘ Most red onion scales contain other pigments in addition to the flavo- 
nol, quercetin. Two have been isolated in the course of this work but their 
constitution has not been studied by us to date. In the yellow and brown 
onions quercetin seems to be dominant. 
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obtained that these substances were decomposed to catechol or 
catechol decomposition products under the conditions employed. 

Toxicity Tests with Catechol and Protocatechuic Acid—Catechol 
is somewhat more toxic than protocatechuic acid to Colletotrichum 
circinans. This was demonstrated by the addition of various 
amounts of each to modified Czapek’s (10) nutrient medium inocu- 
lated with the fungus. 1 part of the acid to 800 parts of the 
medium completely prevented growth, while 1 part of catechol 
to 1600 parts of the medium was sufficient to produce the same 
result. When spores of the organism were added to a solution of 1 
part of the acid to 1600 parts of distilled water, abnormal germina- 
tion occurred. Growth was retarded and the young germ tubes 
often ruptured ((3) pp. 434, 435). In the case of catechol no 
germination occurred at 1:1600, while at 1:3200 growth was 
retarded and the young germ tubes ruptured occasionally. 

Significance of Isolation of Free Phenolic Compounds from 
Pigmented Onion Scales—As far as we are able to ascertain from 
the literature on disease resistance in plants, the isolation of cate- 
chol and protocatechuic acid represents the first instances wherein 
resistance to, or immunity from, a disease in plants has been defi- 
nitely shown to be due to specific chemical compounds produced 
by a resistant host (the pigmented onions) and absent in a suscepti- 
ble host (the white onions). Generalizations on the basis of an 
isolated case would be unwarranted. On the other hand it is not 
without significance that the specific substances isolated from 
pigmented onion scales have been found in species of plants widely 
removed from the onion (4, 11, 12). 

Further search may reveal a more general occurrence of free 
phenolic compounds, since they are widely distributed in the plant 
kingdom, combined with pigments, tannins, glucosides, resins, 
wood gums, ete. 


SUMMARY 


Catechol (3,4-dihydroxybenzene) has been isolated from the 
outer scales of pigmented onions. It is not present in the scales 
of the white onion. Catechol, along with protocatechuic acid (3, 
4-dihydroxybenzoic acid), appears to be the chief toxic substance 
that enables the pigmented onion to resist the invasion of the fungus 
Colletotrichum circinans, the organism responsible for the onion 
disease known as smudge. 
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INTRODUCTION 


The isolation of the a- and 8-methylpyranosides of glucose by 
Fischer (1) and his subsequent discovery of a second series of 
glycosides (2), which Haworth and coworkers have characterized 
as members of the furanoside group (3, 4), provided a means for 
understanding the constitution of the simple sugars and polysac- 
charides. Similarly, the preparation of the simple glycosides of 
the aldehyde sugar acids, and a knowledge of their behavior, is 
essential for progress in the study of both their properties and 
that of their complex polymers. In his recent monograph on the 
sugars Ohle states that nothing can be said concerning the ring 
structure of the naturally occurring hexuronic acids, since their 
acetates, methylated derivatives, and simple glycosides have not 
yet been prepared ((5) p. 114). This gap is probably due to the 
difficulties involved in obtaining sufficient quantities of the free 
acids. Since the publication of Ohle’s monograph, several investi- 
gators have shown that the glucuronic acid. residue in the aldo- 
bionic acid from gum arabic (6), in bornyl-d-glucuronide (7), and in 
euxanthic acid (8) possesses a ring structure of the pyranoid type. 
Thus far the ring structure of both d-galacturonic acid and d-man- 
nuronic acid has not been investigated. It has become customary, 
however, to assume that they exist in the pyranose form, compara- 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
A preliminary report on this investigation appeared in Nature, 130, 
402 (1932). 
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ble to the naturally occurring hexoses and pentoses (see the work of 
Ehrlich and Schubert on d-galacturonic acid and its polymers (9)). 

Fischer had observed that starch could be used as a good source 
for the preparation of a-methyl-d-glucoside (1). When starch 
is refluxed with dry methyl alcohol containing hydrogen chloride, 
the glycosidic linkages are severed, and a- (and some §-) methyl- 
d-glucoside is simultaneously formed. More recently this com- 
pound was prepared in a similar manner from cellulose triacetate 
(10). It seemed likely, therefore, that this procedure, when 
applied to the polyuronides, would yield the methylglycosides of 
the uronic acids; for the polyuronides comprise a group of com- 
pounds whose structure involves glycosidic linkages of uronic acids 
to themselves and to other sugars. Examples of this widely occur- 
ring natural group are the gums, pectins, alginic acids, some of 
the hemicelluloses, and many of the specific polysaccharides 
obtained from microorganisms (11). 

The Fischer procedure has been successfully applied to a poly- 
galacturonide obtained from citrus pectin.' This material had 
already been used as an excellent source of galacturonic acid (12).? 
On heating the polygalacturonide (formula (I)) for 90 hours with 
absolute methyl alcohol containing dry hydrogen chloride, the 
glycoside linkages are severed and the stable methyl ester of 
methyl-d-galacturonide (formula (II)) is formed. The latter 
remains in solution, whereas the incompletely hydrolyzed polyga- 
lacturonides are separated as a gelatinous mass by centrifuging. 
About 40 per cent of the starting material is taken into solution, 
one-third of which may be crystallized directly as practically pure 


1 Procurable under the name of citrus pectic acid from the Research 
Department of the California Fruit Growers Exchange, Ontario, California. 

? Professor Felix Ehrlich of the Biochemical Institute at the University 
of Breslau, Germany, has informed us in a private communication that he 
regards this so called citrus pectic acid as identical with the tetragalactu- 
ronic acid that he isolated for the first time from beet pectin and later from 
various fruit pectins (9,13). Investigations are now under way to ascertain 
more definitely the nature of this material. Its behavior toward absolute 
methyl alcohol containing dry hydrogen chloride shows that beyond a 
certain point the yield of methyl-d-galacturonide becomes almost negligible. 
This indicates either (1) that a portion of the galacturonic acid is more 
loosely bound than the remainder, or (2) the treatment has changed the 
starting material to a more stable form. Further observations on the nature 
of this material will be the subject of a future communication. 
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methyl-d-galacturonide methyl ester monohydrate. Preliminary | 
experiments indicate that about one-fourth of the insoluble gelati- | 
nous mass is composed of a methylglycoside tetramethyl ester of a | 
tetragalacturonic acid; the remainder is composed of partially | 
depolymerized products, some unchanged starting material, and | 
perhaps some reversion products. In this report only the prepa- 
ration of methyl-d-galacturonide methyl ester, and its free acid, 
will be considered. Methyl-d-galacturonide (formula (IV)) was 
prepared from its ester by isolating the barium salt (formula (III)) 
and converting the latter into the free acid by methods already 
4 described for galacturonic acid (12). It was also found that 
equally good yields could be obtained directly from the ester 
without separating the intermediate barium salt. 

As additional proof for its structure, methyl-d-galacturonide 
methyl ester was prepared from an authentic specimen of d-galac- 
turonic acid. The crystalline monohydrate was obtained in a 
yield of 56 per cent. The melting point, rotation, and methoxyl 
content are identical with the compound prepared from the 
polygalacturonide. 


EXPERIMENTAL 


Purification of Polygalacturonide—500 gm. of the polygalac- 
turonide obtained from citrus pectin are extracted with 1500 cc. 
of 70 per cent alcohol by refluxing on a steam bath for 18 hours. A | 
three necked, round bottom flask equipped with a condenser and | 
a stirrer, connected through a mercury seal, is very convenient 
and efficient for this purpose. The solution is filtered while still | 
hot, and the residue washed with hot 70 per cent alcohol, hot 95 ( 
per cent alcohol, and finally with ether. It is then spread out on | 
a large filter paper, dried in a current of air, ground in a ball-mill, | 
and dried for 18 hours at 80° ina vacuum. The polygalacturonide ‘ 
so purified contained 1.63 per cent ash, had a methoxyl content of 
1.37 per cent, and a specific rotation of [a] = +269.9° in 0.1 N | 
NaOH, where c = 1.509. 
’ Methyl-d-Galacturonide Methyl Ester Monohydrate—150 gm. of 
4 the polygalacturonide, purified as described above, and 1500 gm. | 
of absolute methyl] alcohol containing 3 per cent hydrogen chloride 
by weight are introduced into a dry, 3 liter, three necked, round 
bottom flask. The latter is equipped in the usual manner with a | 
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condenser and a stirrer connected through a mercury seal. The 
solution is refluxed, with constant stirring, on the steam bath at 
such a rate that the condensed alcohol drops slowly but continu- 
ously from the condenser. After 24 hours the concentration of 
hydrogen chloride is raised to about 5 per cent by the addition of 
500 gm. of absolute methyl alcohol containing 10 per cent dry 
hydrogen chloride by weight. Refluxing and stirring are con- 
tinued for 66 hours, thus making the total time of refluxing 90 
hours. After cooling, the mixture is centrifuged and the brown 
solution decanted; the slimy precipitate is washed twice with 
absolute methyl] alcohol by stirring and recentrifuging. The solu- 
tion is clarified by heating with activated blood charcoal, and, 
after cooling, the charcoal is removed by filtration through a 
Buchner funnel containing a mat of wooly asbestos on a hardened 
filter paper (which has been washed with absolute methyl alcohol). 
The clear yellow filtrate is concentrated under reduced pressure at 
35° to a volume of about 250 cc.* 200 ce. of absolute methyl 
alcohol are added, and the solution is again concentrated to about 
250 ce. This process of addition of methyl alcohol and concentra- 
tion is repeated twice to remove the major quantity of the hydro- 
gen chloride. It is not necessary to remove the last traces of the 
hydrogen chloride. The solution is finally concentrated to about 
100 cc. at room temperature, when crystals of the monohydrate 
usually separate. The syrup is poured into a crystallizing dish 
and placed in a vacuum desiccator which is exhausted for about 
15 minutes. When the volume of the solution is reduced to 
about 50 cc. the dish is transferred to the ice box and kept there 
overnight in a desiccator. The crystals are then separated from 
the thick, sticky mother liquor by means of the following procedure. 
First practically all of thé sticky supernatant liquor is poured 
onto a semihard filter paper on a Buchner funnel and sucked almost 
dry; the remainder is thinned out with 95 per cent alcohol and the 
whole mass is transferred to the funnel and sucked dry; the crystal- 
line mass is transferred to a dry beaker, stirred with about 25 cc. 
of 95 per cent alcohol, and filtered through a fresh piece of semi- 
hard filter paper; it is washed with 95 per cent alcohol and finally 

*It is unnecessary to separate the flocculent material which usually 


separates at this point. It is soluble in methyl alcohol and does not inter- 
fere with the subsequent crystallization. 
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with absolute ether. The snow-white crystalline ester is dried over 
calcium chloride and phosphorus pentoxide in a vacuum desiccator 
at room temperature. Yield, 19 to 20 gm.‘ 

The product is practically pure; the melting points of eight 
successive preparations varied between 135-141°; under the micro- 
scope it appears as long prismatic crystals with square ends. The 
monohydrate is obtained in a very pure form as large glistening 
prisms by recrystallization from boiling 95 per cent ethyl] alcohol. 
With this recrystallized preparation the following physical and 
chemical properties were observed. 

Melting Point—The preparation sinters at 136°, gradually melts 
at 138-140°, and decomposes sharply at 140-141° (uncorrected). 

Rotation—[a}? = +124.1° in water, where c may vary from 
1 to 4 per cent; no mutarotation. 

Solubility—The concentration (gm. per 100 cc. of solution) of 
saturated solutions in several common solvents at room tempera- 
ture is as follows: water 12.1, 95 per cent ethyl alcohol 0.9, absolute 
ethyl alcohol 1.2, absolute methyl alcohol 16.3, ether 0.1, acetone 
0.4, ethyl acetate 0.0. 

Naphthoresorcinol Test—The naphthoresorcinol test was strongly 
positive, as intense as that for pure d-galacturonic acid. 

Reduction of Fehling’s Solution—Negative results were obtained. 

Water of Crystallization—When dried over phosphorus pentoxide 
at 78° at 5 mm. pressure, the compound loses 7.54 per cent of its 
weight in 60 hours. CsH,,O;COOCH;-H,0 requires a loss of 7.50 
per cent. 

Saponification Equivalent—The usual saponification procedure 
showed that 1 gm. was equivalent to 42.10 cc. of 0.1 n NaOH; 
whereas theory required 41.65 cc. 

Carbon Dioxide Liberated by Boiling with 12 Per Cent HCI—By 
the method of Dickson et al. (14) 19.79 per cent of carbon dioxide 
(for the anhydrous ester) was obtained; theory requires 19.82 per 
cent. 

Methoxryl Content—The methoxyl content (half micro-Zeisel) 
was 25.37 per cent (OCH;). Theory requires 25.82 per cent. 

Barium Salt of Methyl-d-Galacturonide—10 gm. of methyl-d- 
galacturonide methyl ester monohydrate are dissolved in 150 cc. 

4 Approximately 6 more gm. of the ester may be obtained by remethvlat- 
ing the syrupy filtrate. 
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of water in a liter flask. 625 cc. of 0.2 n barium hydroxide are 
added. The flask is stoppered and shaken for a few minutes to 
insure complete mixing. After standing at room temperature for 
about 80 minutes, carbon dioxide is passed into the solution until 
the excess barium hydroxide is neutralized. The barium carbon- 
ate is removed and the solution is concentrated under reduced 
pressure at 40° to a volume of 75 to 100 cc. The barium carbonate 
which separates during the concentration® is filtered off, and the 
filtrate is concentrated at 40° to about 40 cc. The water-clear 
syrup, after standing overnight in the ice box, is poured slowly 
into a beaker containing 350 ce. of 95 per cent alcohol which is 
cooled with ice to about 5° and mechanically stirred. The barium 
salt flocculates as large white clusters, which settle completely 
after standing for several days in the ice box. (It is advisable to 
keep the beaker in a desiccator over calcium chloride, since any 
water which may get into the solution tends to redissolve the 
barium salt or make it sticky.) The salt is filtered onto a hardened 
filter paper at the pump, and washed with 95 per cent alcohol, 
absolute ethyl alcohol, and, finally, with absolute ether. Due to 
its extreme hygroscopic nature, the filter must not be sucked dry 
until it has been washed with ether. The snow-white flocculent 
salt is dried first over calcium chloride in a vacuum desiccator and 
finally in a vacuum oven at 50° for 12 hours. The yield is practi- 
cally quantitative. From three successive experiments with 10 
gm. of the ester 11.1, 11.5, and 10.7 gm. of the barium salt were 
obtained, 96, 100, and 93 per cent yields respectively. The lower 
yields were due to an incomplete settling of the salt, which makes 
filtration very difficult. It is impracticable to try to recover the 
small amount which, due to incomplete settling, sometimes passes 
through the filter. 

Melting Point—The barium salt was stable as high as 215°, 
turning a very light brown at about 200°. 

Rotation—[a}® = +99.1° in water; c = 1.03 per cent; no 
mutarotation. 

Per Cent Barium—24.74 per cent barium was found (Pregl 
micromethod). Theory requires 24.90 per cent. 

5 A few minutes after the concentration has started, a voluminous pre- 
cipitate of barium carbonate is formed. This is due to the removal of the 
excess carbon dioxide in which barium carbonate appears to be appreciably 
soluble. 
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Methoxyl Content—The methoxyl content was 10.98 per cent 
(OCH;) (half micro-Zeisel). Theory requires 11.25 per cent. 

Methyl-d-Galacturonide Dihydrate—10 gm. of barium salt are 
dissolved in 100 cc. of water. 345 cc. of 0.1 N sulfuric acid (95 per 
cent of theory) are added in drops from a burette during 1 hour 
while the solution is constantly agitated with a mechanical stirrer. 
The barium sulfate precipitates as very fine particles which have a 
great tendency toward sol formation. The solution is digested by 
warming for 30 minutes at 40-45° with frequent stirring and then 
allowed to stand overnight in the ice box. The barium sulfate is 
removed by centrifuging, and then decanting the clear solution 
through an asbestos mat at the pump. The barium sulfate should 
not be washed with distilled water, since it is peptized readily. 
It is practicable, therefore, to discard the last trace of solution. 
The clear filtrate is concentrated at 40-45°, under diminished 
pressure, to a volume of about 50 cc. In contrast to the corre- 
sponding preparation of galacturonic acid from its barium salt (12), 
it is impossible at this stage to remove the small amount of unde- 
composed barium salt by precipitation with alcohol. However, 
it is fortunate that in this case a practically complete crystallization 
of the acid can be effected readily. The solution is filtered into 
a crystallizing dish and 10 cc. of 95 per cent alcohol are added. 
The dish is placed over calcium chloride in a vacuum desiccator, 
which is exhausted for 15 minutes. Within a few hours large 
rhombic crystals of the dihydrate of methyl-d-galacturonide are 
formed, some of which attain a size of 0.5 cm., when the volume is 
reduced to about 20 cc. The crystals are filtered at the pump and 
washed with about 2 cc. each of water (temperature 20°) to remove 
any barium salt, 95 per cent alcohol, and finally with absolute 
alcohol. They are dried at room temperature over calcium chlo- 
ride and phosphorus pentoxide in a vacuum desiccator for 24 hours. 
Yield, 5.5 gm. Addition of alcohol to the filtrate now precipitates 
the undecomposed barium salt, but it is more practicable to remove 
this by allowing the filtrate to go to dryness in a vacuum desic- 
cator, and redissolving the free acid in boiling 95 per cent ethyl 
alcohol, in which the barium salt is almost insoluble. A clean 
separation is effected. From the filtrate there is obtained another 
1.3 gm. of the dihydrate. The total yield is 6.8 gm., 76.5 per 
cent of theory. 
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Melting Point—The dihydrate sinters at 109°, melts at 112-114°, 
and decomposes sharply at 120°. 

Rotation—{[a}* = +127.6° in water, where c may vary from 
2 to 3 per cent; no mutarotation. 

Solubility—The concentration (gm. per 100 cc. of solution) of 
saturated solutions in several common solvents at room tempera- 
ture is as follows: water 21.5, 95 per cent ethyl alcohol 1.7, abso- 
lute ethyl alcohol 9.0, absolute methyl alcohol 33.5, ether 0.1, 
acetone 0.6. 

Reduction of Fehling’s Solution—Negative results were tend: 

Water of Crystallization—When dried in the Abderhalden dryer 
over phosphorus pentoxide at 78° under 5 mm. pressure, 2 mole- 
cules of water of crystallization are completely removed within 10 
hours. CsH,,O;COOH-2H,0 requires 14.75 per cent. Found, 
14.69 per cent. 

Neutralization Equivalent—1 gm. of the dihydrate required 
41.20 cc. of 0.1 N sodium hydroxide. For CsHiO,;COOH -2H,0, 
theory requires 41.00 ce. 

Methoxryl Content—C,H,,O;COOH-2H,0 requires 12.71 per 
cent (OCH;) (half micro-Zeisel). Found, 12.56 per cent. 

Dissociation Constant—Conductance determinations over a 
concentration range from 0.1 N to 0.002 Nn solutions showed a con- 
stant value of Kp = 2.8 X 10-4. A 0.1 N solution would there- 
fore have a pH of 2.28. 

Conversion of Methyl-d-Galacturonide Methyl Ester Monohydrate 
to Methyl-d-Galacturonide Dihydrate without Isolating the Inter- 
mediate Barium Salt—The procedure is identical to that described 
above for preparing the barium salt up to the stage of concentra- 
tion just previous to precipitation with alcohol. Instead of remov- 
ing the barium carbonate ahd then concentrating the filtrate to a 
syrup of about 40 cc., a direct concentration to about 350 cc. is 
sufficient; the flask is stoppered and allowed to stand overnight in 
the ice box. The solution is then filtered and transferred to a liter 
beaker. 417 ec. of 0.1 N sulfuric acid (theoretical) are used to 
decompose the barium salt in exactly the same manner as described 
above for the preparation of the free acid; from this stage to the 
end the procedure is also identical. From 10 gm. of the ester 


* Ehrlich gives Kp = 3.0 X 10~ for d-galacturonic acid (9). 
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there are obtained 6.74 gm. of the crystalline dihydrate on first 
crystallization, and from the filtrate another 1.06 gm. separate; 
the melting point is the same as above. The total yield is 7.8 gm., 
76.7 per cent of theory. 


DISCUSSION 


The ease with which methyl-d-galacturonide can be prepared 
brings out the interesting fact that glycosidic protection of the 
aldehyde group imparts stability to the uronic acid. No furan 
degradation products are formed; these are largely responsible for 
the difficulties involved in the preparation of the free uronic acids. 

It is most probable that the methyl-d-galacturonide obtained 
is the a variety, for its method of preparation, solubility, yield, 
and rotation are all in harmony with this assumption. Patterson 
and Robertson have shown that during the preparation of a- 
methyl-d-glucoside, relatively long (overnight) heating produces 
more of the a form at the expense of the 8 compound (15). Even 
with a shorter period of hydrolysis they obtained only 2.5 per cent 
of the 8-glucoside from the mother liquors. The long period of 
hydrolysis employed in the preparation of methy]-d-galacturonide 
would therefore tend to shift the product strongly toward the a 
variety. The high dextrorotation is particularly good evidence 
for an a form. Dr. C. 8S. Hudson has calculated the rotation of 
a-methyl-d-galacturonide dihydrate to be [a], = +139° (private 
communication); this is in good agreement with the observed 
value [a], = +127.6.’ Haworth has discussed the specific rota- 
tions of several glycosides as a means of supporting the a and 8 
configurations assigned to them on the basis of enzyme hydrolysis 
reactions ((3) p. 65). In all of the cases studied the equilibrium 
rotations of the hydrolyzed glycosides differed markedly from those 
of the glycosides themselves; an increase for the 8 and a decrease 
for the a compounds. The equilibrium specific rotation of d- 
galacturonic acid is [a]? = +55.6°; this amounts to a decrease of 
95° when hydrolyzing methyl-d-galacturonide to free d-galactu- 
ronic acid. 

The natural glucuronides obtained from feeding experiments— 


7 We wish to thank Dr. C. S. Hudson, National Institute of Health, 
Washington, for this calculation and for his interest in our work. The 
principles involved in these calculations are given in (16). 
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the so called gepaarte Uronsdéure—are all of the 8 series, and in most 
cases strongly levorotatory ((17) p. 535). Bergmann and Wolff 
were the first to prepare an a-uronide; by the oxidation of a- 
menthyl-d-glucoside with bromine in pyridine solution in the 
presence of dilute sodium hydroxide, they obtained a-menthyl- 
glucuronic acid (18). The strong dextrorotation was proof for 
its a form, but in this case the natural 8 compound was available 
for comparison. Therefore, until an authentic specimen of 8- 
methyl-d-galacturonide has been prepared, the final allocation 
of the @ structure to the methylgalacturonide described herewith 
will be reserved. 


SUMMARY 


1. A practical method is given for the preparation of methyl-d- 
galacturonide from the commercially available polygalacturonide 
of citrus pectin. 

2. Dry hydrochloric acid in absolute methyl alcohol partially 
hydrolyzes the polygalacturonide with the simultaneous formation 
of the methyl ester of methyl-d-galacturonide. The latter can be 
converted in excellent yields to methyl-d-galacturonide. 

3. The properties and physical constants of methyl-d-galac- 
turonide methy] ester monohydrate, the barium salt of methyl-d- 
galacturonide, and methyl-d-galacturonide dihydrate are given 
for the first time. 


In conclusion, we wish to express our thanks to Mr. W. E. Baier, 
Manager of the Research Department of the California Fruit 
Growers Exchange, Ontario, California, for furnishing the poly- 
galacturonide preparations, and for his interest in this work. 
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INTRODUCTION 


d-Mannuronic acid appears to be the chief component of the 
polyuronides found in various species of brown alge (1-6). It was 
obtained for the first time, in the form of its lactone, m.p. 140- 
141°, [a] = +89.8°, by Nelson and Cretcher (1, 2) from the 
alginic acid of Macrocystis pyrifera and subsequently by Schoeffel 
and Link from the same source (7). During the past year, Nelson 
and Cretcher reported the isolation of the crystalline lactone from 
the alginic acid of Fucus serratus and of Laminaria saccharina (8). 
In a recent note (9) we announced that the free acid had been 
obtained in a crystalline condition. Heretofore, d-mannuronic 
acid was known only in the form of its lactone. 

When barium d-mannuronate, prepared from the algin of Macro- 
cystis pyrifera and Fucus serratus after the procedure of Schoeffel 
and Link (7), is converted into the free acid under appropriate 
conditions, both the a and 8 modifications can be obtained. 

The isolation of the two dynamic isomers of the free acid pre- 
sented formidable difficulties, since both forms show a marked 
tendency to revert to the more stable lactone. In addition, free 
d-mannuronic acid in contrast to d-galacturonic acid (10-12) and 
d-glucuronic acid (13) exhibits certain anomalous behaviors with 
respect to solubility, stability, ete. These characteristics are 
similar to certain unusual properties of the parent sugar, d-man- 
nose (14). 

The a form of d-mannuronic acid is extremely soluble in the 
solvents that can be used for its crystallization. It resembles 

* Published with the permission of the Director of the Wisconsin Agri- 
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thereby the related sugar a,d-mannose (14). The 8 variety of 
d-mannuronic acid is less soluble than the a form, but is available 
in relatively smaller amounts, since the equilibrium between the 
two in alcohol or aqueous solutions is seemingly in the direction of 
the a modification. Neither modification could be converted into 
the other, as can be done with the a and 8 forms of d-galacturonic 
acid for instance (10), due to the great tendency toward lactone 
formation. 

Another difficulty encountered was the extreme hygroscopic 
character of the free acids, more particularly the aform. In view 
of the atmospheric humidity in this locality during the spring and 
summer months, we had to limit our work on the a form to the win- 
ter season, when the atmospheric conditions are usually more 
suitable. Levene reported the same difficulty with the a,d-man- 
nose (14). The winter of 1931-32 was, however, so mild that 
little progress could be made with this study. The onset of 
extremely cold and dry periods during the past 3 months has 
enabled us to confirm the isolation of the a form of the acid, which 
was obtained for the first time by one of us (K. P. L.) in February, 
1930. 

In spite of the aforementioned difficulties we have succeeded 
in obtaining both modifications of the acid in a reasonably pure 
condition. The 8 form melts at 165-167°. Its initial rotation is 
— 50°; final value —20.0° (after 2 hours) with water as the solvent. 
It crystallizes as microscopic pillars that contain 0.5 molecule 
of water. The a form does not have a sharp melting point and will 
revert spontaneously to the lactone when heated above 115°. It 
sinters at 110° and discolors between 120-130°. Its initial 
rotation is between +16.0° and +18.0° and exhibits a downward 
mutarotation to the value —6.05° (after 24 hours) with water as 
the solvent. The a form crystallizes in the form of microscopic 
needles that contain 1 molecule of water. 

Dr. C. 8. Hudson of the National Institute of Health, Washing- 
ton, has calculated the value of —37.0° for the 8 form, and +7.0° 
for the a form (private communication).! Since the observed 


1 The principles on which these calculations are based were formulated 
by Dr. Hudson in the Journal of the American Chemical Society (15), where- 
in it was shown from the data of the literature that van’t Hoff’s principle 
of optical superposition applies to the menthylglycosides etc. and the 
menthylglucuronic acids. 
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values for the two modifications are in fair agreement with the 
calculated values we feel assured that they have been obtained in 
a fairly pure state. 

It should be noted here that this investigation confirms the work 
of Nelson and Cretcher (8) who reported that the alginic acid of 
Fucus serratus contains d-mannuronic acid. Schmidt and Vocke 
on the contrary had reported the isolation of d-glucuronic acid from 
Fucus serratus (16) in the form of its cinchonine salt. 


EXPERIMENTAL 


Preparation of Alginic Acid—The alginic acid from Fucus serra™ 
tus was prepared from air-dried fronds? after a procedure similar to 
the one reported by Nelson and Cretcher (1). The acid from 
Macrocystis pyrifera used in this study was from the preparation 
employed in a previous publication (7). 


Analysis of Alginic Acid from Fucus serratus 


Neutral Equivalent Point—0.3637 gm. dried at 90° in a vacuum 
of 1 mm. pressure over P,O; for 5 hours required 18.6 cc. of 0.1 N 
NaOH (phenolphthalein as indicator). This corresponds to a 
neutralization equivalent of 195. 

Optical Rotation—0.30 gm. dissolved in 15.36 cc. of 0.1 Nn NaOH 
diluted to 100 cc. with water gave [a]® = —136.0°. 

Uronic Acid Content—The uronic acid content, determined on 
four different preparations by the method developed in this 
laboratory (17), varied between 90.00 and 95.00 per cent. The 
hydrolysis was conducted for 5 hours. Higher values are obtained 
if the concentration of the acid is increased to 18.0 per cent and the 
time of hydrolysis to 6 hours. | 

Preparation of Barium d-Mannuronate—The barium salt was 
prepared by the method recently described by us in this Journal 
(7). It was purified by reprecipitation with alcohol until the 
barium content approximated the value demanded by theory: 
(CsHs07)2 Ba requires 26.3 per cent; found 26.4 to 27 per cent Ba 
(Pregl micromethod). The optical rotation in water was [a] 
= —1.3° to —2.0°.3 

? Obtained from the Marine Biological Laboratory, Woods Hole. 


* Nelson and Cretcher ((8) p. 3410) raise the suggestion that a determi- 
nation of the barium content is perhaps not the best way to establish the 
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Preparation of B ,d-Mannuronic Acid—25 gm. of the barium d- 
mannuronate were dissolved in 25 cc. of water. This solution was 
then introduced dropwise and with vigorous stirring into 1 liter of 
95 per cent ethyl aleohol. The alcohol had been previously cooled 
to —10°. While the barium salt solution was being added to the 
alcohol, slightly less than the theoretical quantity of N sulfuric 
acid (also cooled to — 10°) was introduced dropwise. After all 
the acid and barium salt solution were introduced, the mixture was 
stirred vigorously for 1 hour with a high speed mixer. The tem- 
perature of — 10° or below was maintained throughout this process. 
After the solution reached room temperature the barium sulfate 
was filtered off. 2 gm. of activated charcoal were then added, the 
solution stirred vigorously for 15 minutes, and filtered. Absolute 
ethyl alcohol (250 cc.) was next added. The solution should not 
become turbid after the alcohol has been added. If it does, unde- 
composed barium d-mannuronate is still present and must be 
removed by centrifuging and filtering. The final clear alcoholic 
solution was then concentrated under reduced pressure (10 to 12 
mm.) as rapidly as possible at a temperature not exceeding 25°. 
Absolute ethyl alcohol (150 cc.) was added in small increments 
to the distilling flask in order to prevent the free d-mannuronic 
acid from reverting to the lactone. When the volume in the flask 
had been reduced to 25 to 30 ec. the solution was filtered through 
a pad of fine asbestos on a hardened paper. It was then concen- 
trated to a volume of 10 cc. in an open vessel in a vacuum desicca- 


purity of a barium salt. They think that within the limits of the analyses 
that we report (26 to 27 per cent) (7), a considerable quantity of polymers 
might be present. Consequently they recommend that the purity of the 
barium salt may be established with more certainty by determining the 
reducing power. This suggestion is sound. Although we had not men- 
tioned this point in our publication, we had employed the Benedict 
reducing procedure as an additional confirmation. However, in our 
opinion the best criterion of the purity of a barium salt of d-mannuronic 
acid is the specific rotation. The rotation of barium d-mannuronate pre- 
pared from the pure crystalline lactone obtained either from natural sources 
or prepared synthetically (see subsequent paper by Niemann and Link 
(18)) is [aJ> = —4.0° to — 4.5°. When the rotation is appreciably higher, 
[al> = +8° to +10° (or lower), polymers of mannuronic acid are probably 
present, as well as other acidic impurities. The rotation value for the 
barium d-mannuronate was inadvertently omitted in our first publication. 
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tor over sulfuric acid. To prevent loss of the syrup, it was filtered 
directly into the open vessel through the use of the Pregl microbell 
jar filter. 2 cc. of dry ethyl ether and 5 cc. of dry acetone were 
finally added to the solution, whereupon it was placed in a small 
desiccator for the crystallization process. The desiccator was 
placed in a refrigerator where a temperature of —5° or below was 
maintained. Within a few days crystals (microscopic pillars) of 
the 8 form of d-mannuronic acid appeared. The first crop was 
filtered off at once. In the course of 4 to 5 days a second crop 
of crystals separated, which was likewise filtered off at once. 
The crystals should be filtered onto a funnel packed inice. They 
were washed with a mixture of dry acetone and absolute ethyl 
alcohol (ratio 7:3) previously cooled to 0°. The acetone and 
alcohol were then replaced with cold dry ethyl ether. The prepa- 
ration was first dried over sulfuric acid and anhydrous CaCl, ina 
vacuum desiccator at 12 to 15 mm. pressure for 4 days, and then 
over P.O; at 50-60° (1 mm. pressure) for 5 hours in the Abderhal- 
den dryer. From 25 gm. of barium d-mannuronate, approximately 
1 gm. of the 8 modification of the free acid, m.p. 165-167°, was 
obtained.‘ 

Optical Rotation of B ,d-Mannuronic Acid—0.0362 gm. dissolved 
in 5 ce. of water in a 1 dm. tube showed [a]” = —47.90°; final 
value [a]® = — 23.94° after 12 hours. 

Neutralization Equivalent—0.0322 gm. required 1.55 ce. of 0.1 
n NaOH (phenolphthalein as indicator). Calculated for 1 gm., 
CsH:0O; = 51.50 ec. of 0.1 N NaOH; found 48.13 ce. of 0.1 N 
NaOH equivalent to CsH,00;-$H,0. 

Water of Crystallization—When dried in the Abderhalden dryer 
over P,O; at 60° under 1 mm. pressure for 12 hours the compound 
lost 4.18 per cent of its weight, which is equivalent to 0.5 molecule 
of water or CsH:00;-3H,O. The neutralization equivalent of the 


‘Numerous attempts were made to find conditions that would give 
greater yields of the form. With the following modification of the above, 
the yield was increased appreciably (25 to 30 per cent). The acid obtained 
was, however, contaminated with some of the lactone. A solution of 12.5 
gm. of the barium salt in 25 cc. of water was introduced dropwise and under 
vigorous stirring into a cooled mixture (— 20°) of 500 cc. of 95 per cent ethyl 
alcohol, 200 cc. of absolute methyl alcohol, and 100 cc. of isobutyl alcohol, 
containing 1.6 gm. of sulfuric acid. The rest was carried out as given 
before. 
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thoroughly dried preparation approximated the value required 
for the anhydrous form, CsH,O;. Further heating (36 hours) at 
60° under 1 mm. pressure did not remove more water. The optical 
activity of the acid calculated as the anhydrous form after this 
prolonged drying was [a]? = —33.51° initial, —14.35° final (after 
2 hours) with water as the solvent. 

Uronic Acid Tests—The naphthoresorcinol test applied under 
the conditions of Neuberg and Kobel (19) is strongly positive. 
The Ehrlich test (20) for d-galacturonic acid was applied with the 
following results. The addition of lead acetate to an aqueous 
solution of the acid produced a white precipitate, which dissolved 
when more lead acetate was added. After the solution was heated 
1 minute on a boiling water bath, a buff color formed. The same 
color is produced when d-mannuronic acid lactone is used, although 
in this case it develops more slowly. 

Conversion of B,d-Mannuronic Acid to Lactone—To 0.1 gm. of 
the anhydrous acid in a porcelain boat, 0.5 cc. of water was added, 
whereupon it was heated in the Abderhalden dryer for 12 hours at 
60°. The lactone, m.p. 140-141°, [a] = +87.8°, with a faint 
pink color, was obtained quantitatively. 

Preparation of a,d-Mannuronic Acid—The a modification is 
obtained when the barium d-mannuronate is decomposed at room 
temperature under the conditions described for the isolation of the 
8 form. The final syrup was placed in a desiccator in a refrigera- 
tor chest at — 10° after a few cc. of absolute ether had been added. 
Crystallization usually set in in the course of 4 to 5 days. When 
the solution had changed to a semicrystalline mass 5 cc. of absolute 
alcohol were added, whereupon the solution was warmed slightly 
until the crystals were dissolved. The vessel was then placed in 
a cold chest at —10° or below for recrystallization. The a form 
separates out in well defined microscopic needles that are extremely 
hygroscopic. They must be removed from the mother liquors 
through the use of a filtering device that excludes air and moisture. 
The funnel on which the crystals are collected is surrounded with 
a freezing mixture so that a temperature below 0° is maintained. 
After the a form is dried in a desiccator over P,O; at room tempera- 
ture it is not as hygroscopic as it is originally when in contact with 
the mother liquor. It must nevertheless be rigidly protected 
from the atmosphere (preferably in the ice chest) in order to main- 
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tain the crystalline state. From 25 gm. of barium d-mannuronate 
1.5 to 1.7 gm. of the a form can be obtained by the above procedure. 
The a modification does not possess a sharp melting point. Ina 
sealed capillary it sinters at 110° and darkens between 120—130°. 
While making the melting point determination some of the acid 
reverts spontaneously to the lactone. 

Optical Rotation of a ,d-Mannuronic Acid—0.06875 gm. dissolved 
in 1 cc. of water in a 0.5 dm. tube showed [a] = +16.01° initial 
value, final value [a]?> = —6.05° after 24 hours. 

Neutralization Equivalent—0.104 gm. required 4.80 cc. of 0.1 N 
NaOH (phenolphthalein as indicator). Calculated for 1 gm., 
C3H1007-H:,O = 47.20 cc. of 0.1 N NaOH; found 46.10 cc. 

Water of Crystallization—When dried in the Abderhalden dryer 
over P,O; at 60° under 1 mm. pressure for 12 hours, the prepara- 
tion lost 10.9 per cent of its weight, which is equivalent to slightly 
more than 1 molecule of water. It began to darken after 8 hours 
of heating. A brownish lacquer-like crust formed in this interval. 
In this respect its behavior is identical with the a,d-galacturonic 
acid studied by Ehrlich and Schubert (10). The initial specific 
rotation of the dehydrated preparation was [a]? = +33.51°. It 
then dropped to [a] = +26.81° and finally reached the perma- 
nent value [a] = +31.51°. From this optical behavior and the 
amount of water lost in the drying process it appears likely that 
some of the free acid was converted to the lactone. 

Uronic Acid Tests—The uronic acid tests were the same as for 
the 8 ,d-mannuronic acid described above. 

Conversion of a,d-Mannuronic Acid to Lactone—0.1 gm. was 
dissolved in 5 cc. of absolute ethyl alcohol. The solution was 
allowed to stand in an open vessel at room temperature under a 
bell jar equipped with vesséls containing anhydrous CaCl, As 
the aleohol evaporated, it was replaced from time to time to prevent 
the formation of a syrup with a mobility less than that of glycerol. 
After 7 days the lactone was filtered off, m.p. 142, [a] = +74° 
(initial) ; [a]? = +89.3° (final) in water. 

Isolation of d-Mannuronic Acid Lactone from Syrups of a- and 8,- 
d-Mannuronic A cid—Since it was not possible to obtain high yields 
of either modification of the free acid due to lactone formation, the 
syrupy mixture from the initial crystallization was converted 
into the lactone in the following manner. The syrups were diluted 
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with absolute alcohol and heated gently on a water bath. As the 
alcohol evaporated dry acetone was added. The heating in alco- 
hol solution augments the conversion of the free acid to the 
lactone.’ The acetone-alcohol solution (mostly acetone) serves as 
an admirable medium for the crystallization of the lactone. It 
will separate in the course of 7 days in a pure condition with cor- 
rect melting point and rotation. This method of isolating the 
lactone is superior to the acetic acid method originally employed 
by Nelson and Cretcher (2) and by us (7). The gummy mass 
that often results through the use of glacial acetic acid is avoided. 
The lactone that still remains in the mother liquors can be recovered 
by adding dilute barium hydroxide to the point of neutrality. 
The barium d-mannuronate is then precipitated and isolated as 
described previously (7). 


SUMMARY 


1. The isolation of the a and 8 modification of d-mannuronic 
acid is described. 

2. An improved method for the isolation of d-mannuronic acid 
lactone is reported. 

3. The alginic acid of Fucus serratus contains d-mannuronic 
acid. 


In conclusion the writers wish to express their gratitude to Dr. 
C. S. Hudson of the National Institute of Health, Washington, 
for calculations that he submitted in a private communication and 
for his interest in this work. 
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SYNTHESIS OF THE HEXURONIC ACIDS 


Il. THE SYNTHESIS OF d-MANNURONIC ACID FROM d-MAN- 
NOSACCHARIC ACID* 


By CARL NIEMANN anv KARL PAUL LINK 


(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, University of Wisconsin, Madison) 


(Received for publication, January 9, 1933) 
INTRODUCTION 


Several investigators have recently shown that d-mannuronic 
acid is present in the algin of various sea alge as a polymannuronide 
(1-8). Nelson and Cretcher were the first to isolate d-mannuronic 
acid in the form of its alkaloidal salts (1, 2, 6) and also as the 
lactone (3). The relationship of this uronic acid to the parent 
sugar, d-mannose, was established by Nelson and Cretcher (2) 
through oxidation studies. They obtained the crystalline diamide 
and the diphenylhydrazide which were identical to the analogous 
compounds prepared from d-mannosaccharic acid dilactone. Bird 
and Haas (4) oxidized the alginic acid of Laminaria, sp., and also 
the barium mannuronate isolated from it with nitric acid and 
obtained the amide of d-mannosaccharic acid. In this communica- 


tion the final proof of the identity of the naturally occurring sub- — 


stance is established by its synthesis from compounds with a known 
configuration. 7 

The method of synthesis employed is an adaptation of the pro- 
cedure used by Fischer and Piloty (9) in the synthesis of d-glucu- 
ronic acid from the monolactone of d-saccharic acid, and is similar 
to the one employed by the authors in the synthesis of dl-galactu- 
ronic acid from mucic acid (10). 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
Supported in part by grants from the University Research Fund. 
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_ The reactions involved in the present synthesis are represented 


by the following structural formule. 

CHO CHO 
HOCH wa HOCH 
HOCH nick HOCH OCH 

HCOH HCOH 
HCOH HCOH HCOH 
HCOH 

H 

d-Mannose a Mannonic acid d-Mannosaccharic acid d-Mannuronic acid 
dilactone lactone 
EXPERIMENTAL 


The technique previously employed (9-12) in the reduction of 
the lactones of dicarboxylic acids to the corresponding aldehydic 
acids has been modified to make it more adaptable to the materials 
required for the synthesis in question. 

Preparation of d-Mannonic Acid—Calcium d-mannonate was 
prepared from crystalline d-mannose by the electrolytic oxidation 
procedure of Isbell and Frush (13). It was found desirable to 
free the calcium salt, thus obtained, from residual calcium bromide 
by extraction with 95 per cent ethyl alcohol. The d-mannonic 
acid was liberated from the calcium salt by the addition of the 
required amount of oxalic acid and the aqueous solution thereby 
obtained was concentrated at 15 mm. pressure to a thick syrup. 
This syrup was used as the starting material for the preparation 
of the dilactone of d-mannosaccharic acid. 

Preparation of d-Mannosaccharic Acid Dilactone—The syrupy 
d-mannonic acid was oxidized to the dicarboxylic acid by the use 
of nitric acid as described by Fischer (14) and by Kiliani (15). 
The crystalline dilactone obtained directly from the reaction 
mixture was recrystallized from hot 95 per cent ethyl alcohol and 
dried over phosphorus pentoxide. The final product was obtained 
in the form of long, silky, colorless crystals melting at 180—185°. 

Preparation of Barium d-Mannuronate—17.6 gm. of d-manno- 
saccharic acid dilactone (100 millimols) were dissolved in 400 cc. 
of water and the solution cooled until ice formation was well 
started. While the solution was being stirred vigorously, 3.5 cc. 
of 20 per cent sulfuric acid were added, followed immediately by 
the addition of 100 gm. of 2.5 per cent sodium amalgam. Through- 
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out the reaction the solution was maintained acid by the frequent 
addition of 20 per cent sulfuric acid, approximately 25 cc. being 
required per 100 gm. of amalgam. After the reaction had subsided 
(20 to 25 minutes) the solution was again cooled until ice formation 
was noticeable. A second portion of 100 gm. and finally a third 
portion of 50 gm. of the amalgam were added; each time the reac- 
tion was conducted as described above. The reaction mixture 
was then freed from mercury by decantation and the solution 
neutralized to a permanent phenolphthalein end-point with 1 Nn 
sodium hydroxide. After concentration at 30° under 15 mm. 
pressure to a volume of 35 cc., the solution was acidified with 22.5 
ec. of a cooled solution of sulfuric acid which had been made by 
diluting the concentrated acid to 3 times its original volume. 400 
ec. of warm (60°) absolute ethyl alcohol were then added to the 
acidified concentrate, accompanied by vigorous stirring. The 
precipitated inorganic salts were filtered off and the water-clear 
filtrate concentrated at 20° under 15 mm. pressure to a volume of 
35 ec. The concentrate was diluted to 250 cc. and exactly neu- 
tralized with 0.2 n barium hydroxide. After removal of the 
barium sulfate by filtration, the filtrate was freed of barium by the 
addition of the requisite amount of Nn sulfuric acid. The barium 
sulfate was filtered off and 75 gm. of basic lead carbonate (white 
lead) were added to the filtrate, which was then heated at 80° 
with stirring for 45 minutes. The insoluble lead salts were 
removed by filtration and the filtrate deleaded with hydrogen 
sulfide. After removing the lead sulfide by filtration and the 
hydrogen sulfide by aeration, the solution was treated with 60 gm. 
of barium carbonate at 80° for 45 minutes. Following the removal 
of the excess of barium carbonate, the filtrate was concentrated 
at 30° under reduced pressure to'a volume of 50cc. The concen- 
trate, after cooling to 0°, was poured with vigorous stirring into 
400 cc. of cold 95 per cent ethyl alcohol. The solution was then 
placed in the ice chest for 2 days so as to facilitate the complete 
precipitation of the barium mannuronate. On the termination 
of this period the barium salt was filtered off on a hardened filter 
and washed successively with 95 per cent ethyl alcohol, absolute 
ethyl alcohol, and finally with anhydrous ethyl ether. For the 
preparation of an anhydrous salt, dehydration over P,O; ina 
vacuum at 60° is necessary. 
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Yield—12.0 gm. of a barium salt having a barium content of 28.2 
per cent (Pregl micromethod) were obtained, whereas theory 
requires 26.2 gm. with a barium content of 26.3 per cent. 

Rotation—[a]® = —4° + 1° (in water, c = 2.6 per cent). 

Preparation of d-Mannuronic Acid Lactone—6.50 gm. of the 
crude barium salt were dissolved in 50 cc. of water at 30°, and 
while the solution was stirred, 20 cc. of 1 Nn sulfuric acid (10 milli- 
mols) were added during the course of 30 minutes. The solution 
was then heated for 30 minutes at a temperature of 50° to precipi- 
tate the barium sulfate which was subsequently filtered off at the 
pump. The filtrate was concentrated at 35° under 15 mm. pres- 
sure to a volume of 25 cc., and the concentrate poured, with 
stirring, into 300 cc. of cold absolute ethyl aleohol. The solution 
was placed in the ice chest for 4 days to insure complete precipita- 
tion of the undecomposed barium salt, whereupon the latter was 
filtered off and preserved. The filtrate was then concentrated at 
35° and 15 mm. pressure to a volume of 75 cc., and after the 
addition of 100 ec. of anhydrous acetone the solution again concen- 
trated to 35 cc. This procedure was repeated three times so as 
to replace the major portions of aleohol and water with acetone. 
The syrup resulting from the final concentration was placed in a 
crystallizing dish and set in the ice chest in a desiccator containing 
calcium chloride and a small beaker filled with acetone. After 6 
to 7 days crystallization set in, whereupon the beaker containing 


the acetone was removed and the semicrystalline mass allowed — 


to stand for a period of 3 to 4 weeks. During this interim the 
product set into a thick crystalline mass. The crystals were 
then triturated with 5 cc. of absolute ethyl alcohol and filtered off 
at the pump. After washing with a small quantity of absolute 
ethyl alcohol the crystalline lactone was dried over P.O; at room 
temperature in a vacuum. For analysis the sample was dried on 
the Pregl block at 50°. 

Yield—The yield was 1.00 gm. or 28.4 per cent of the theory. 
(The mother liquor can be profitably reworked to yield a further 
quantity of the lactone.) 

Melting Point—The crystalline lactone melted at 141.5-142.0°, 
uncorrected. A mixed melting point with an authentic specimen 
of d-mannuronic acid lactone prepared from the alginic acid of 
Macrocystis pyrifera and Fucus serratus showed no depression. 
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Rotation—[a]” = + 92.8° (maximum) (in water, c = 1.05 per 
cent). 

Preparation of Brucine d-Mannuronate—1.00 gm. of the crude 
barium salt was dissolved in 3 cc. of water and to the solution were 
added with stirring 3.80 cc. of 1 N sulfuric acid, followed by the 
introduction of 25 cc. of 95 per cent ethyl alcohol. The barium 
sulfate and the undecomposed barium mannuronate were filtered 
off, and to the filtrate was added a solution of 1.772 gm. of brucine 
in 15 cc. of 95 per cent ethyl alcohol. The solution thus obtained 
was concentrated to 25 ec., and on standing the alkaloidal salt 
crystallized out. The derivative was further-purified by recrystal- 
lization from 80 per cent ethyl alcohol and dried over P20; in a 
vacuum at 30°. 

Melting Point—The salt melted at 147.5-148° with decomposi- 
tion. 

Rotation—[a]®” = —22.0° (in water, c = 3.6 per cent). 

Analysis—Calculated for C2>HssOuN2, N = 4.76; found (Pregl 
micro-Dumas), N = 5.06, 5.08, 4.94. 

Preparation of Cinchonine d-Mannuronate—This salt was pre- 
pared in the same manner as was the brucine salt. Purification 
was accomplished by two recrystallizations from 80 per cent ethyl 
alcohol, and the final drying was done at 30° at 10 mm. pressure 
over P2Os. 

Melting Point—The salt melted at 153-154° with decomposition. 

Rotation—[a]” = + 113.0° (in water, c = 1.0 per cent). 

Analysis—Caleulated for C2sH03N2, N = 5.73; found (Pregl 
micro-Dumas), N = 5.47, 5.57. 


DISCUSSION 


The properties of the synthetic d-mannuronic acid lactone, and 
those of two of its derivatives, are compared in Table I with the 
properties, as reported by Nelson and Cretcher (6) of the lactone 
and the same derivatives prepared from the naturally occurring 
acid. 

The constants presented in Table I leave little doubt as to the 
validity of the structure assigned to the naturally occurring acid 
by Nelson and Cretcher (1-3, 6). The identity was further estab- 
lished when a mixed melting point of the synthetic lactone and 
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the lactone isolated from the alginic acid of Macrocystis pyrifera 
and Fucus serratus (5) showed no depression. 

It is of importance to state here that the constants of the 
alkaloidal salts of d-mannuronic acid are seemingly dependent on 
the method of drying employed. When the salts are dried at 30° 
over phosphorus pentoxide the values reported above are obtained. 
When the drying temperature was raised to 100° the values for 
the rotation and melting points were found to be appreciably 
higher, and more difficult to reproduce. In view of these observa- 
tions it is probable that the disagreement existing in the literature 
regarding the melting point and rotation of cinchonine d-man- 
nuronate (2, 4, 6, 7) may in part at least be due to variations in 
the method of drying used by the various workers. 

TABLE I 


Comparison of Properties of Synthetic and Naturally Occurring d-Mannuronic 
Acid and Two of Its Derivatives 


Compound M.p. Rotation 

degrees 

Lactone of synthetic acid...................... 1415-142 92.8 
e ** naturally occurring acid (6)........| 142 93.8 
Brucine salt of synthetic acid.................. 147 .5-148 —22.0 
** © naturally occurring acid (6). ...| 147 —23.1 
Cinchonine salt of synthetic acid.............. 152-154 113.0 
* “© naturally occurring acid (6).| 154 113.3 


It should be noted here that the possible existence of d-man- 
nuronic acid as an intermediate in the reduction of d-mannosac- 
charic acid to d-mannonic acid was recognized by Fischer in 1891 
(16) but the compound was not isolated until 1928 when Nelson 
and Cretcher obtained the lactone from the hydrolysates of the 
alginic acid of Macrocystis pyrifera (1-3). The synthesis of this 
aldohexuronic acid completes the verification of the configurations 
of three naturally occurring aldohexuronic acids, namely d-glucu- 
ronic (9), d-galacturonic (10, 17), and d-mannuronic acid (this 
communication). 


SUMMARY 


Crystalline d-mannuronic acid lactone has been prepared by the 
partial reduction of d-mannosaccharic acid dilactone, and we 
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compound thus obtained was found to be identical in all respects 
with the lactone prepared from natural sources. 


In conclusion the authors wish to express their gratitude to Mr. 


Eugene Schoeffel for conducting the microanalytical determina- 
tions and to Mr. John Dorsch for assistance in the preparation of 
the starting materials. 
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THE SEXUAL VARIATION IN CARBOHYDRATE 
METABOLISM* 


II. THE METABOLISM OF DIACETIC ACID IN FASTING RATS AND 
GUINEA PIGSft 


By JOSEPH S. BUTTS anp HARRY J. DEUEL, Jr. 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, December 23, 1932) 


A marked variation in the extent of ketosis which develops dur- 
ing the early days of fasting has been previously noted between 
the sexes by Deuel and Gulick (1). The average of thirty-two 
experiments on five normal men and of eleven determinations on 
the same number of women showed approximately 10, 5, 4.5, and 
2.5 times the excretion of total acetone bodies in the urine of the 
female subjects over that of the male ones during the first 4 days 
of the fast respectively. This difference in susceptibility to the 
fasting ketosis in the women was likewise indicated by the greater 
fall in the CO.-combining power of the blood as well as by the 
much more severe subjective symptoms which arose in that group. 
No obvious dissimilarity in the dietary régime previous to the 
fast was noted to which this variability in the excretion of ketone 
bodies could be ascribed. 

The question arises as to whether the marked variation in the 
level of ketosis is to be attributed simply to a quantitative differ- 
ence in carbohydrate store at the beginning of the fasting period or 
whether it is to be traced to a constant production of more keto- 
lytic or less ketogenic material in the male. In our earlier work we 
suggested the possibility that the former view might be correct 


* Paper I of these studies (1) was published under the series ‘“‘Studies 
on ketosis. I. The sexual variation in starvation ketosis.’”’ Subsequent 
publications on this earlier series will be concerned with antiketogenesis. 

+ This work was aided by Grant 263 from the Committee on Scientific 
Research, American Medical Association. 
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since it seemed that the level of ketosis might eventually become 
the same in the two sexes with a prolongation of the fast. How- 
ever, as the fast proceeded, the female subjects in whom the highest 
excretion of acetone bodies had been noted during the early days 
of the experiment, were eliminated before the 4th day. This 
resulted in a lowering of the general average of the female group on 
the 4th day to the mean level of those subjects in whom the ketosis 
had been the least severe. In spite of this condition the level of 
the excretion of acetone bodies was still 2.5 times as much for the 
remaining members of the female subjects on this day as for the 
men. In all cases the experiments on men had been continued 
through the 4th day. If the second theory be correct, one might 
expect a more ample store of carbohydrate in the male continually 
during fasting. 

In the present paper an attempt has been made to determine 
whether the difference found in the human subjects with respect 
to the metabolism of the ketone bodies could be extended to two 
rodents having feeding habits widely different from humans and 
from each other; namely, the rat and the guinea pig. If such be 
the case, these animals can be used for further study as to the cause 
of the sexual variability in fasting ketosis. 


EXPERIMENTAL 


General Procedure—Normal adult rats from our stock colony, 
weighing 150 to 300 gm., were used. The guinea pigs were at 
least 5 months old and weighed from 450 to 850 gm. The animals 
were kept on an abundant diet previous to the experiments and 
were all in good nutritional condition at the start of the fasts. Urine 
collection for the Ist fast day began at approximately 9 a.m. 
following a fast of 16 hours from the previous evening. Although 
it is realized that the separation of urine samples into 24 hour 
samples was somewhat inexact, due to the varying amount remain- 
ing in the bladder at the close of the period, any such error is 
minimized by the comparatively large number of experiments 
especially during the first 5 days of the fast. That the variations 
found between the sexes cannot be traced to inexactness of urine 
collection is indicated by the similar difference in the ratio of total 
acetone bodies to nitrogen. 

The urine was collected under paraffin oil in metabolism cages 
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similar to those described by Levine and Smith (2). In the first 
group of experiments on rats, in which the excretion of the acetone 
bodies was studied during simple fasting, the urine was separated 
for periods of 3 to 5 days. In the later tests on rats and guinea pigs 
in which diacetic acid was fed by stomach tube twice daily in 
doses for the 24 hour period equal to 1.5 mg. per sq. em. of body 
surface, the urine collections were made daily. Surface area was 
calculated by the Meeh formula from the body weight at the 


beginning of the fast. 


TABLE I 
Excretion of Acetone Bodies in Fasting Male and Female Rats 


i Average bodies 
gm. ex- gm. 
Z Zz 
gm. | mg. | mg. | mg. mg. gm. mg. | mg. mg. mg. 
| 332 7.5) 4.9| 7.5 | 189) 224 | 6.6/7.4) 9.8 | 11.0 
| 376 7.2} 6.4] 199) 200 | 3.1/1.7] 5.2 2.8 
15c° | 365 | 13.6) 14.6) 12.4 | 13.4 | 209| 226 | 3.6) 5.2) 5.3 7.7 
| 325 5.7| 4.6) 4.7] 219] 206 2.0] 3.1 3.2 
177 | 388 6.8} 6.3) 5.8 | 5.4] 229] 210 | 6.2/6.6) 9.8 | 10.5 
85c" | 192 3.5 3.6 889) 165 | 2.5 3.0 
867" | 214 3.3 3.1 909} 210 | 2.7 2.6 
870 | 217 2.1 1.9 
5.5 | 7.5 4.8 | 7.0 


Diacetic acid was not separated in pure form but was prepared 
by the hydrolysis of ethylacetoacetate (Eastman) with sodium 
hydroxide. The determination of total acetone bodies carried out 
on this solution by the usual method of Van Slyke was used for the 
calculation of the sodium acetoacetate present. The total acetone 
bodies in the urine were determined by the same technique. The 
estimation of urinary nitrogen was made by the Kjeldahl procedure. 
Albumin tests made on the urine of the animals used in the experi- 
ments reported herein were negative. 

Excretion of Acetone Bodies in Fasting—The lower animals 


st 
is 
n 
is 
of 
d 
it 
y 
XUM 


418 Sex Relation to Fasting Ketosis 


develop only a slight ketosis during fasting in contrast with the 
resultson man. Levine and Smith (3) summarize the literature in 
showing that such is the case with dogs, steers, goats, rabbits, and 
rats. In their own experiments on rats, they found an excretion 
varying from 2.3 to 19.2 mg. for a 4 day period calculated for a 250 
gm. rat. Cori and Cori (4) report that summer rats excreted 6.2 
mg. per day for a 100 gm. rat while the average of only 1.9 mg. was 
found in the winter months. Levine and Smith were unable to 
confirm this seasonal variation in their tests. 

It seems possible that the variable excretions might be traced to 
sex in view of the fact that neither of the above papers gives data 
as to this point. It is true that the animals used in the summer by 
Cori and Cori are male rats, but no mention is made of the sex of 
the animals used in the winter experiments. Table I gives the 
results on the excretion of acetone bodies by rats during fasting. 
In view of the fact that these tests on the males and females were 
made simultaneously, it is obvious that the question as to the 
seasonal variability is not a consideration. 

There is no indication that a sexual variation in fasting ketosis 
exists in the rats which we studied. The average results on the 
male rats for the two periods were 5.5 and 7.5 mg. per 250 gm. rat 
for a 4 day experiment compared with the values on the female 
animals of 4.8 and 7.0 mg. The level of acetonuria in our experi- 
ments is somewhat lower than that reported by Levine and Smith 
(3) of 9.7 mg. There can be no doubt that this value is much 
lower than would be expected from a comparison with the experi- 
ments on humans. The total excretion of acetone bodies in the 
urine for the first 4 fast days on humans (1) averaged 5.47 gm. per 
sq. m. of body surface for the males and 19.82 gm. for the women. 
Translated into the comparative values for a 250 gm. rat (having 
a surface area of 361 sq. cm.), the excretion should be 197 and 715 
mg. respectively for the male and female—a value many times 
that actually found. One must conclude that the rat possesses a 
different mechanism for bringing about the oxidation of a large 
proportion of ketogenic material than does the human. 

Experiments on Feeding of Diacetic Acid to Rats—In attempting 
to produce a constant artificial ketosis for the study of ketolysis, 
sodium acetoacetate was fed by stomach tube twice daily to fasting 
rats. Although many investigators have tried the effect of 
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isolated doses of this acid or of the closely related 6-hydroxybu- 
tyric acid, no serious attempts seem to have been made to compare 
TABLE II 


Urinary Excretion of Total Acetone Bodies in Fasting Rats after Oral Admin- 
istration of Diacetic Acid 


Acetone bodies excreted per sq.m. 
Rat No.| Body | Surface|Dincetic 
weight| area acid fed 
Ist day |2nd day day) 4th day| 5th day} 6th day! 7th day 
gm. | 8g. cm. mg gm. gm. gm. gm. gm. gm. 
lo | 268 | 378 | 567 | 3.63 | 2.68) * 
3c’ | 184 | 204 | 441 | 7.19} 5.60/ 6.92 | 7.54) 6.64) 4.65) 3.08 
| 290 | 399 | 600 | 3.98 | 4.14) 4.76 | 5.17) 3.77; 6.63) 3.86 
| 256 | 367 | 550 | 0.46 | 4.57) 4.42 | 4.38) 5.54) 5.33) 5.27 
| 264 | 375 | 562 | 2.36 | 4.05) 5.88 | 6.20) 5.36) 6.41) 6.90 
llc | 225 | 337 | 506 | 3.43 3.93) 3.93 t 
| 218 | 330 | 495 | 5.48 | 4.13) 2.78 t 
807 | 290 | 399 | 600 | 2.90 | 3.66) 4.15 | 5.55) 5.10) 4.40) f 
830 | 200 | 311 467 | 4.40 | 4.35) 0.63 1.12} 4.25) 4.03 
97s | 207 | 318 | 477 | 1.82 t 
| 218 | 330 | 495 | 3.58 | 3.89) 4.77 | 4.96) 6.28) 5.29) 4.85 
99 | 210 | 323 | 485 | 3.57 | 3.71) 3.31 4.13} 4.82) 4.96) 3.35 
1007 | 259 | 370 | 555 | 4.78 | 3.60) 4.42 4.68) 5.85) 5.82) 5.89 
29 | 160 | 268 | 402 | 7.73 | 9.09) * 
49° 159 | 267 | 400 | 6.21 | 6.27/10.53 | 7.75) 
69 183 | 293 | 440 | 6.17 | 11.15)10.21 | 10.72) 11.08) 11.93) 11.38 
89 195 | 306 | 460 | 3.31 | 7.81) 6.31 | 5.93) 9.33) 9.08) 13.26 
109 | 192 | 303 | 455 | 3.92) 5.66) f 
149 180 | 290 | 435 | 5.98 | 8.96)10.85 | 11.20) 10.05) ft 
819 154 | 261 | 391 | 4.44! 8.90) 7.48§| 8.52) f 
849° | 206 | 318 | 477 | 2.35 | 4.94) 6.06 | 7.22) 8.54 6.55) 7.92 
1019 190 | 301 451 | 6.06 | 4.99| 6.76 | 7.76) 7.53) fT 
1029 | 156 | 264 | 396 | 6.28| 6.73) fT 
1039 | 172 | 281 | 421 | 4.66 | 6.21) 6.60 | 7.62) 7.79) 8.46) 6.62 
1049 172 | 281 421 | 6.26} 7.18} 6.93 | 8.14) 8.36) f | 


* Accidentally killed. 

+ Animal died. 

t Experiment terminated. 
§ Some urine lost. 


the ketolytic action of different sugars or to study any possible 
sexual differences in metabolism on such animals. Magnus-Levy 
(5) found that although $-hydroxybutyric acid was completely 
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oxidized when fed to a normal dog, it was largely eliminated 
unchanged when administered to a phlorhizinized animal. Blum 
(6), Dakin (7), and Wilder (8) have reported the excretion of the 


TABLE III 


Ratio of Total Acetone Bodies to Nitrogen in Urine of Fasting Rats Receiving 


Diacetic Acid Orally 


Ratio, total acetone bodies : N 
Rat No. 
Ist day | 2ndday | 3rd day 4th day | 5thday | 6thday | 7th day 
1d 0.92 0.59 
30 1.50 1.42 1.92 2.61 1.68 1.33 0.81 
Tos 0.92 0.94 1.16 1.20 1.10 1.15 
7a 0.13 0.86 1.03 0.94 1.47 1.48 1.41 
90 0.47 0.84 1.56 1.57 1.51 1.78 2.06 
lld 0.68 0.82 0.82 
130 1.24 1.11 0.45 
800" 0.72 0.87 1.05 1.67 1.63 1.63 
830" 1.12 1.06 0.10 0.97 1.05 1.11 0.90* 
0.16 
980 0.74 0.89 1.17 1.47 1.66 1.66 1.53 
990" 0.76 0.75 0.73 1.05 1.25 1.28 0.92 
1007 1.03 0.86 1.38 0.99 1.71 1.77 1.86 
29 1.64 2.30 
49 1.97 3.04 3.31 2.30 
69 1.59 3.30 3.15 3.41 3.73 4.21 3.30 
89 0.76 2.19 2.04 2.21 2.72 2.81 4.60 
109 0.87 1.24 
149 1.19 1.98 2.92 3.09 
819° 0.76* 1.47+ 1.76t 2.32t 
849 0.52 1.05 1.23 2.13 2.56 1.85 2.61 
1019 1.27 1.21 2.28 2.86 2.83 
1029 1.19 1.28 
103 9 1.00 1.13 1.78 2.21 2.28 2.51 2.08 
1049 1.19 1.50 1.97 2.46 2.61 2.11° 


* Part of 24 hour sample only. Not included in average. 
Considerable blood in urine. Not included in average. 


acetone bodies in the urine after the subcutaneous or intraven- 
ous injection of the sodium salts of the acids mentioned above. 
Friedemann, Somogyi, and Webb (9) found that depancreatized 
dogs showed a normal tolerance for acetoacetic acid, but this was 
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greatly lowered by phlorhizin and by prolonged fasting. Normal 
tolerance was restored by the administration of glucose and 

In our trials it was found that doses of diacetic acid which were 
without pronounced deleterious effects on the male animals were 
toxic for the females. The urinary excretion of total acetone 
bodies was then compared in male and female rats after the adminis- 
tration of 1.5 mg. of diacetic acid per sq. cm. of body surface per 


TABLE IV 
Summary Table of Experiments on Rats 
No. Acetone bodies excreted Sow tone bodies: 
FAL: 
gm. | gm. 
per 8q.|per sq. gm. | gm. 
m m. 
1 13 | 12 | 3.66) 5.28) 1.44) 1.62) 0. 3.86) 4.97) 4.67) 0.80) 1.18 
2 12 | 12 | 3.86) 7.32) 1.90) 3.46) 0.39) 8.92) 4.45) 4.37) 0.92) 1.86 
3 1l 9 | 4.18) 7.97) 1.91) 3.79) 0.55) 6.89) 4.45) 3.62) 1.03) 2.27 
4 9 9 | 4.86) 8.32) 1.71) 3.46) 0.47) 7.36) 3.88) 3.23) 1.39) 2.55 
5 9 7 | 5.29) 8.97) 1.69 3.65) 0.44) 8.30) 3.65) 3.12) 1.45) 2.79 
6 9 4 | 5.35) 9.00) 1.68) 3.65] 0.67) 5.45) 3.72) 3.24) 1.47) 2.84 
7 8 4 | 4.74) 9.80) 2.07) 4.06) 1.12) 3.63) 3.48) 3.12) 1.36) 3.15 


day. This amount was without severe toxic effects on the female 
animals. The experiments were continued for 7 days where possi- 
ble although only a few of our animals survived for the entire 
period (Tables II to IV). Water was given ad libitum, but no 
food. 

The validity of the means for the excretion of the acetone bodies 
is supported by the fairly close results obtained on an entirely 
separate group of male rats in which an identical procedure was 
used. The average values for this other series for the 7 days of 
fasting, respectively, are as follows: 3.48 (48 rats), 3.51 (47 rats), 
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4.95 (15 rats), 5.33 (14 rats), 4.60 (13 rats), 4.88 (9 rats), and 4.60 
(8 rats). In order to determine whether the mean results for the 
acetone bodies excreted in the present series are significant, the 
probable error of the average deviation and that of the mean 
difference have been calculated. When the ratio of the mean 


TABLE V 


Urinary Excretion of Total Acetone Bodies in Fasting Guinea Pigs after 
Daily Oral Administration of Diacetic Acid 


Acetone bodies excreted per sq. m. 
Guinea Body Surface | Diacetic 
pig No. | weight area | acid fed 
Ist day | 2nd day | 3rd day |4th day|5th day | 6th day 
gm 8q. cm. mg. gm. gm. gm. gm. gm gm 
ld 660 644 966 3.28 | 2.06 | 3.18 | 2.97 
20 657 642 963 | 1.45 | 1.58 | 1.13 | 3.12 | 3.43 | 1.62 
ld 774 711 1067 | 1.59 | 3.33 | 2.64 | 3.50 
120 610 611 916 | 2.02 | 3.35 | 3.36 | 4.10 
130 817 743 1115 | 1.03 | 3.16 | 4.14 | 4.71 
147 685 661 991 | 0.78 | 3.21 | 2.90 | 2.50 
220" 844 763 1144 | 0.95 | 2.40 | 2.81 | 2.62 | 1.93 
230" 764 703 | 1055 | 0.45 | 2.30 | 3.30 | 1.23 
3° 483 527 790 | 1.78 | 3.31 
49 519 549 824 | 2.04 | 4.24 | 5.22 
169 671 651 987 | 0.83 | 2.15 
1792 684 713 1070 | 1.77 | 5.38 | 6.00 | 6.43 
189 462 598 897 | 2.64 | 3.73 | 5.39 
199 592 597 896 | 2.13 | 3.00 
209° 622 619 919 | 3.34 | 3.52 | 3.49 | 6.10 | 6.70 
249 514 545 818 | 1.56 | 2.39 | 4.47 
259 555 574 861 | 0.82 | 1.92 | 4.22 | 4.91 
26 9 545 567 850 | 1.66 | 2.76 | 2.76 | 5.14 | 3.23 
279 542 565 847 | 0.48 | 2.65 | 2.74 
28 9 578 590 885 | 1.25 | 2.16 
299 610 611 916 | 2.11 | 5.25 | 6.30 


difference to the probable error of the mean difference exceeds 3, 
the values are significant. With the minimum ratio for the 7th 
day (3.63), the chances for a greater deviation are less than 1 in 55 
while the maximum value for this ratio (8.92 on the 2nd day) 
indicates that the probability of a greater deviation is much less 
than 1 in 1,500,000,000. It is evident that the results which show 
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a sexual difference in ability to oxidize diacetic acid (as indicated 
by the average excretion after the administration of like quanti- 
ties) are significant in each case from a statistical standpoint. 

The excretion of the acetone bodies is consistently higher with 
the female rats than with the male ones. This occurred in spite 


TABLE VI 
Ratio of Total Acetone Bodies to Nitrogen in Urine of Fasting Guinea Pigs 
Receiving Diacetic Acid Orally 


Ratio, total acetone bodies: N, X 10 

Guines pig 

Ist day Qndday | 3rd day 4thday | Sthday | 6th day 
1g 4.09 3.09 4.62 5.37 
20 1.40 2.67 1.60 5.37 6.29 4.74 
ll¢ 1.86 6.85 6.24 7.62 10.76 
12¢ 2.54 4.48 5.14 7.59 6.14 
13¢" 1.92 5.39 8.46 13.20 13.47 
14¢ 0.95 4.55 4.72 3.92 

227 «=| «1.08 3.70 5.52 5.86 6.09 
230 0.59 4.81 6.55 

39 4.09 6.39 10.37 

49 4.60 10.27 10.91 

169 1.39 6.87 

179 1.99 13.80 12.20 15.20 19.40 
189 3.59 7.04 10.21 

199 3.72 5.62 

209 3.43 8.24 6.43 13.12 15.78 
249 1.51 3.09 6.44 

259 1.49 3.70 8.27 10.68 

26 9 2.39 4.25 5.67 13.25 8.03 
279 1.05 4.38 5.98 

289 1.76 4.4] 

299 3.89 9.04 12.80 


of the fact that the female animals because of their lighter weight 
received a somewhat smaller dose of diacetic acid per animal. 
Experiments on Feeding of Diacetic Acid to Guinea Pigs—In 
order to determine whether the sexual difference in the metabolism 
of diacetic acid is a general phenomenon, experiments were carried 
out on another rodent, the guinea pig, to test this point (Tables _ 
V to VII). 
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The same sexual difference in the ability of guinea pigs to oxidize 
diacetic acid was noted as had been found for the rats and man. 
The maximum discrepancy between the male and female animals 
was noted on the 4th and 5th days. The results on the Ist and 
2nd fast days show less divergence probably on account of the 
protective action of the large amount of material still remaining 
in the cecum. Statistically, the averages for the 3rd and 4th days 
are significant. There are too few observations to ascertain 


TABLE VIL 
Summary Table of Experiments on Guinea Pigs 
Ratio 
Acetone bodies excreted 4 
aig 
ais 
% 
| Es H 
gm. | gm. 
per per gm. gm. 
8g. m. | m. 
1 7 13 | 1.18} 1.72) 1.46) 0.54) 0.19) 2.85) 8.13) 6.64) 1.48) 2.69 
2 8 13 | 2.80) 3.26; 1.16) 0.46) 0.26) 1.77) 6.30) 5.19) 4.57| 6.70 
3 8 9 | 2.80) 4.51) 1.61) 1.71) 0.35) 4.88) 5.70) 5.20) 5.16) 8.98 
4 8 4 | 3.12) 5.64) 1.81) 2.52) 0.34) 7.41) 5.30) 4.34) 6.88/13.06 
5 3 2 | 2.78) 4.96) 1.78) 2.18) * * | 4.72) 4.14) 8.02)14.40 
6 1 1.62 3.46 4.74 


* Too few observations for computing this value. 


whether this is true for the 5th day but the indication from the 
average value is that the female is able to oxidize much less of 
ingested diacetic acid than the male on this day also. 


DISCUSSION 


There is a considerably lower elimination of the acetone bodies 
in the urine of rats during fasting than one would expect from the 
results on humans on the basis of comparative surface areas. 
Thus, the average excretion of our male and female rats during 


- the first period of inanition was 35 times less than the average in 
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men (1) during the first 4 days of fasting and 130 times lower than 
what might be expected if the quantitative relationships for the 
formation were similar to that in women. The value is only 
slightly higher during the second period of fasting in the rats. No 
sexual variation comparable to that in humans was evident from 
the experiments on rats subjected to simple fasting. 

Much larger amounts of the acetone bodies were excreted in 
the urine of these animals, however, when sodium acetoacetate 
was administered during fasting in amounts of 1.5 mg. per sq. cm. 
of body surface daily. Similar results were obtained when com- 
parative amounts of this salt were fed to fasting guinea pigs. It is 
evident that when the supply of ketogenic material becomes too 
great in these animals, much of it will escape oxidation and be 
excreted in the urine, as normally occurs in simple fasting in 
humans, when the supply of this factor is not supplemented. 

When sodium acetoacetate is administered to rats or guinea pigs, 
the same sexual discrepancy is noted as was found in humans, 
Approximately twice as much of the ingested diacetic acid remains 
unoxidized and escapes in the urine of the female animals as in the 
males. There is no indication that the male and female animals 
eventually oxidize identical proportions of the diacetic acid as the 
fast progresses. This variation tends to become exaggerated 
rather than to disappear with the prolongation of the experiments. 
Although the number of female animals is somewhat limited on 
the 7th day of the tests on rats, the discrepancy between the sexes 
is actually the most marked. With the experiments on the 
guinea pigs, the values for the 5th day approximate those of the 
4th day, which show the greatest divergence. 

The sexual variability is also clearly indicated from the compari- 
son of the ratio of total acetone bodies:nitrogen. This varies in 
the rat experiments from a value 1.48 times as great on the Ist 
day of fasting for the female to one 2.30 times as high on the last 
day. The corresponding figures for the tests on guinea pigs are 
1.81 and 1.79. 

We have used the surface area as a basis for calculating the dose 
of diacetic acid to be fed as well as for comparing the excretion of 
this constituent in the urine. This seems logical in view of the 
relationship between metabolism and the production of the acetone 
bodies. Friedemann (10) has preferred surface area as a method 
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for the comparison of the excretion of acetone bodies in man and 
the monkey while Orr-Ewing (11) has found that consistent glu- 
cose tolerance curves are obtained in rabbits of widely varying 
weight only if the dose is adjusted in proportion to the body sur- 
face. He considers this a special case of the conclusion arrived at 
earlier by Dryer and Ainley Walker (12) who stated that diph- 
theria toxin, arsenic, and various other drugs and toxins give a 
more uniform action in animals of different weight if the dose be 
administered in proportion to the surface area. Lastly, Moulton 
(13), in showing a relationship between surface area and the total 
body nitrogen in steers, has given us a reason why such a unit 
should be a valid one. 

However, our results show even greater divergence between the 
sexes when the comparison is made on the basis of body weight. 
The average female:male ratios for the excretion of the total 
acetone bodies per kilo of body weight for the 7 days of fasting 
respectively are 1.58, 2.01, 2.10, 1.90, 1.84, 1.85, and 2.25. It 
will be noted that these values are approximately 10 per cent higher 
than those computed with surface area asa unit (Table IV). The 
female rats actually received slightly less than 9 per cent more 
sodium acetoacetate per 100 gm. of body weight than did the male 
ones but this discrepancy is more than outweighed by the increas- 
ing female: male ratio calculated by this method. 

The ketosis so produced represents a physiological condition 
which may be overcome if carbohydrate is administered in the 
same way ‘that the fasting ketosis in humans can be decreased to 
a minimum value for several days after the administration of a 
single dose of sugar (14). Thus in some unpublished experiments, 
the excretion of total acetone bodies by rats was reduced to a low 
level after the administration of galactose or glucose on the 3rd day 
of fasting and diacetic acid feeding for 2 days, after which it rose 
to the original level. Moreover, it was found in some experiments 
when larger amounts of diacetic acid were administered to rats 
which were not fasting but remained on the stock diet (for periods 
as long as 4 days) that from 96 to 100 per cent of the diacetic acid 
fed was oxidized and only minimal amounts were excreted in the 
urine. 

It seems probable that a fundamental difference in carbohydrate 
metabolism exists between the sexes which is a fairly general 
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phenomenon. One might suppose that this is due to a greater 
production of ketolytic precursors or a smaller amount of ketogenic 
ones in the male during fasting. It cannot simply be due to a 
greater store of glycogen in the male at the beginning of the fast. 
If such were the case, it must necessarily be completely exhausted 
by the 3rd day of the fast while the discrepancy between the sexes 
continues at a maximum at least as long as the 7th day. 

We have reported elsewhere (15) that fasting male rats almost 
invariably possess a higher glycogen content in the liver than 
females. This difference seems to become greater as the fast 
progresses rather than less. In fact in many instances one would 
fail to recognize any sexual difference on the basis of the glycogen 
content at the end of 24 hours of fasting but it would become 
evident only after 48 or 72 hours. 

One possible explanation for the variation in carbohydrate 
stored with a consequent variation in the extent of ketonuria 
between the sexes may be the difference in protein metabolism, in 
view of the fact that this foodstuff serves as the principal source of 
ketolytic material in the fasting animal. A decreased supply of 
the ketolyic elements might arise from a smaller protein catabo- 
lism during fasting in the female or because of a less efficient trans- 
formation of its constituent amino acids into glucose. There is 
some evidence that the first suggestions might partially account 
for the inability of the female to oxidize diacetic acid as effectively 
asthe male. The results on rats and guinea pigs consistently show 
that the nitrogen excretion is lower in the female than in the male 
animals during fasting. Similar discrepancies were noted in the 
experiments on humans, although these were not calculated on 
the basis of surface area in the original paper. Thus, the aver- 
age nitrogen excretion for eleven experiments on two males for 
the first 4 days of fasting, was respectively, 5.11, 5.33, 6.44, and 
6.07 gm. per sq. m. per day while in the case of nine determina- 
tions on three women the corresponding values were 3.88, 5.31, 
5.88, and 5.34 gm. With the exception of the 2nd day, there is a 
considerable difference between these average values. Further 
investigation on this point is necessary. A study is also being 
made in this laboratory of the efficiency of the transformation of 
protein into glucose by a comparison of the D:N ratio in male and 
female animals which are phlorhizinized. 
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SUMMARY 


No sexual variation has been noted in the small excretion of 
acetone bodies which occurs during fasting in rats. 

When diacetic acid is fed by stomach tube to fasting rats and 
guinea pigs as the sodium salt in an amount of 1.5 mg. per sq. cm. 
of body surface daily, considerable amounts are excreted in the 
urine. About twice as much is eliminated by the females as by 
the males. The difference tends to become exaggerated as the 
fast progresses. This ketonuria is a physiological phenomenon, 
as it is greatly decreased by the ingestion of carbohydrate. Earlier 
results on humans have shown a much readier susceptibility of 
women to fasting ketosis than is true with men. It is suggested 
that a fundamental difference in carbohydrate metabolism, which 
is generalized in its occurrence, obtains between the sexes. 
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INTRODUCTION 


A number of experimenters have prepared simple extracts of the 
adrenal cortex for which potency was claimed on the basis of 
changes in certain physiological functions, or in the prolongation 
of life (usually only for a questionable time) of adrenalectomized 
animals, or on improvement of patients suffering from Addison’s 
disease. In this group may be mentioned Kihl (15), Koehler (14), 
Hartman et al. (10), Reiss (20), Stewart and Rogoff (22), Gold- 
zieher (7), Stefi (21), Kisch (12), Vincent and Thompson (24), 
Magistris (18), Zwemer et al. (26), and others. These products 
were assigned various names, cortin, cortisupren, eschatin, eucor- 
tone, interrenin, interrenalin, pneumin, etc. It is possible that the 
preparations of many of these authors contained some slight 
activity, but they were obviously crude and none of the authors 
demonstrated successful replacement therapy for any appreciable 
length of time in an adrenalectomized animal. Some authors 
(Marine and Baumann (19), Banting and Gairns (1), and others) 
realized the inadequacy of their extracts and made no claims of 
therapeutic effectiveness for their preparations. 

The first convincing proof of satisfactory replacement therapy 


* A preliminary account of this work was presented before the meeting of 
the American Association for the Advancement of Science at Atlantic City, 
1932. 

Aided by a grant from the Hartley Corporation for which we wish to 
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in adrenalectomized adult animals has been presented by Swingle 
and Pfiffner (23), who kept a number of adrenalectomized cats 
alive indefinitely (100 days). Their extract and that of Hartman 
and Brownell (9) have been frequently used in recent years, par- 
ticularly in clinical fields. 

In undertaking the present study, we intended to carry out 
chemical investigations on the hormone secreted by the adrenal 
cortex as prepared by current methods. These methods, how- 
ever, were so involved, and yielded products of such varying 
potency and occasional toxicity, that it was necessary to improve 
upon them before proceeding on our investigations. The method 
shown in the accompanying diagram has accordingly been devised 
for preparing an active extract of the adrenal cortical hormone. 

Preparation of Extract—The fat and connective tissue are 
removed from beef glands by scissors as soon as they are sent in 
from the slaughtering floor. If whole glands are used, each gland 
is cut up into small pieces with the scissors and dropped into the 
freezing solution described below. In order to save chemicals 
and avoid working with large volumes of material we have usually 
dissected away the medulla. This is done by bisecting the gland 
through its largest plane, making a circular incision around the 
border of the medulla, and scraping it out with the scalpel. The 
cortex is then cut into small pieces and frozen by dropping into a 
freezing mixture. At first we utilized liquid air for this purpose. 
Although it is preferable for attaining rapid freezing, its expense 
was prohibitive. At present we utilize acetone cooled almost to 
its freezing point by the addition of lumps of solid carbon dioxide 
(commercial dry ice). The glands are thus rapidly frozen hard. 
The purpose of this freezing procedure (which incidentally may 
prove valuable in preparing other glandular products) is to stop 
enzymatic processes which destroy the active principle and to 
bring about a high degree of comminution of the gland which will 
permit easier extraction. 

The frozen tissue is ground in an ordinary meat grinder and 
mixed with 3 volumes of technical acetone. The ground glands 
form a fairly stable suspension when prepared in this way and 
require only an occasional shaking. They are left in the ice chest 


1 We wish to express our appreciation to Mr. Robert L. Fox, of Green- 
wald’s, Inc., for his cooperation in granting us the facilities of his abattoir. 


at 


Cc 

E 

Cc 

B 
» 

B 

in 


Method of Preparing Cortical Hormone 
1 kilo adrenal cortex frozen in acetone 


Extracted with 3 liters technical acetone overnight 
Filtered 


| 
Glandular residue refluxed for 20 
minutes with 1.5 liters acetone* 


Combined acetone filtrates 


cooling 


Filtered 
Glandular residue discarded 
Reduced in vacuo at 25-30° to 1300 cc. 
and filtered through gauze after 
| 
Insoluble lipid material discarded 


Aqueous filtrate 


Extracted 7 times with 180 cc. portions 
of benzene 


Combined benzene solution chilled 
and shaken twice in separatory 
funnel with 65 cc. portions of cold 
saturated 


7 


Aqueous residue discarded 


| 


Benzene solution shaken with 10 cc. 
n HCl 


| 
Aqueous alkaline layers discarded 


Benzene solution 


Benzene removed in vacuo at 35-40° 
after adding 100 cc. (less if more 
concentrated extracts are desired) 
0.8 per cent saline 


| 
Cooled and filtered through sterile 
Seitz filter 


7 
Aqueous acid layer discarded 


| 
Sterile extract 


| 
Insoluble lipid residue discarded 


* To avoid the use of large volumes of acetone, this step may be omitted, 
in which case the original acetone-gland mixture is refluxed in a water bath 


at 65° for 20 minutes. 
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overnight. The mixture is now pressed in a wine-press and the 
gland residues again placed in the ice chest with sufficient acetone 
to cover them. This mixture is refluxed on a water bath at 65° 
for 20 minutes and then pressed out. To economize in the use of 
reagents, the extraction of the glandular residue may be omitted, 
in which case the original gland-acetone mixture is refluxed for 
20 minutes at 65° before filtration. The aqueous acetone solu- 
tions may be worked up separately, or combined; or, if desired, 
the acetone solutions from the residues may be used in extracting 
residues from subsequent batches of glands. The acetone is 
removed by distillation in vacuo at 25-35°. There remains in the 
distilling flask an aqueous solution and a small amount of insoluble 
lipid material. After cooling under the water tap the solution is 
filtered through gauze to remove this insoluble lipid. The resid- 
ual aqueous solution is now extracted in a separatory funnel 
seven times with a seventh of its volume of technical benzene. 
The aqueous residue is discarded. The combined benzene solu- 
tion is cooled and shaken with one-twentieth of its volume of a 
cold saturated aqueous sodium bicarbonate solution to remove the 
epinephrine. The completion of the removal of the epinephrine 
can be demonstrated by testing for epinephrine in the discarded 
bicarbonate solution by the colorimetric method of Folin, Cannon, 
and Denis (6). Usually one or two extractions with the bicarbo- 
nate suffice; most often only one when dissected glands are used. 
The benzene solution is now shaken with about 10 ce. of N hydro- 
chloric acid to neutralize any excess alkali present as emulsified 
droplets in the benzene. This acid is removed and centrifuged 
(as is also the alkali) to remove any benzene which tends to emul- 
sify with these aqueous solutions. 

The benzene is now removed by distillation in vacuo at 40°. 
During the distillation the desired amount of 0.9 per cent saline 
is added dropwise. There is a tendency for the benzene solution 
to become superheated, which may be avoided by adding the last 
portion of the benzene and the saline to the flask dropwise through 
a separatory funnel during the distillation. The distilling flask 
should also be gently shaken in the last stages for the same purpose. 
There remains in the flask the saline extract and an insoluble fatty 
residue of lipid material. After cooling in the ice chest the extract 
is filtered through a sterilized Seitz filter and is ready for use. 
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The amount of saline added before removal of the benzene is 
determined by the desired concentration of the final extract. For 
most physiological purposes we have allowed 1 cc. to correspond to 
10 gm. of the cortex. For clinical use it may be desirable to utilize 
more concentrated solutions, in which case 1 cc. of saline may be 
added for every 30 gm. of cortex. 

The hormone apparently is extracted from the adrenal cell with 
extreme difficulty, for if one reextracts the glandular residue one 
can obtain an additional quantity of hormone even after a third 
or fourth extraction. Approximately 50 per cent of the hormone 
is obtained on the first extraction. The residue yields about 25 per 
cent more on the second extraction, and about an equal amount is 
still obtainable by reextracting the glandular residues a third time. 
The acetone extracts obtained in this way are worked up exactly 
as indicated for the first extraction except for the addition of 
about 10 per cent of their volume of water before distilling off the 
acetone. The advisability of working up the residues as indicated 
is dictated by the relative economy of obtaining the maximum 
yield from a given batch of glands or of avoiding the additional 
chemical manipulations required. 

Attempts have also been made to utilize other means of extrac- 
tion but these have proved more cumbersome and inferior to the 
method just outlined. Thus the extraction of the dehydrated 
glands with n-butyl alcohol in a Soxhlet extractor, extraction with 
0.1 n hydrochloric acid, boiling with distilled water, etc., all 
proved inefficient as compared to the method described above. 

Beef glands have been utilized in our work except in the prepa- 
ration of one extract in which whole pig adrenals were utilized. 
This extract showed an activity about 3 times as great as that 
obtained from beef glands. Unfortunately, the small size of these 
glands makes it difficult to obtain them in any great quantity. 


DISCUSSION 


The method described above will be seen to be a marked simplifi- 
cation of the method of Swingle and Pfiffner (23) or the laborious 
and involved manipulations of Hartman and Brownell (9). The 
advantage of utilizing acetone as the extraction medium over 
alcohol (as in the Swingle and Pfiffner method) or ether (as in 
Hartman’s method) lies in the relatively small amount of extrane- 
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ous fatty substance which acetone extracts. In this way are 
avoided unnecessary manipulations and contamination of the final 
product. Kutz (16) has also suggested acetone as the extraction 
medium. The use of permutit to remove epinephrine is unwieldy 
and more troublesome than the use of alkali as in the present 
method. The laborious distribution between aqueous alcohol and 
petroleum ether in Swingle and Pfiffner’s method is also avoided. 
The preliminary freezing of the glands is an important factor, for by 
its introduction our yield of hormone has been increased many 
times over what it was previous to our adoption of this preliminary 
treatment. 


TABLE I 
Assay Results Obtained on Rats with Extracts Prepared by Different Methods 
These results were selected from a great number of assays as representa- 
tive of typical experiments. 


Cortex 
Extract | equiva- of 
Method of preparation of extract | injected | lent of “om th | judged 
ce. | om. | 
Swingle and Pfiffner....... 1 30 75 | Inadequate dosage 
0.5 | 15 100 | Slightly inadequate 
0.75} 22.5 | 100 Adequate dosage 
Present method. .......... 0.5 5 100 


The fact that our method involves much less manipulation than 
the method of Swingle and Pfiffner and at the same time includes 
the use of essentially the same solvents (acetone and benzene) 
would lead one to expect a better yield in the final product. As 
compared with extracts made by us according to the Swingle- 
Pfiffner technique and tested as described in a subsequent section, 
the extracts prepared according to our method exhibit a greater 
potency (as calculated on the basis of equal weights of glands), as 
shown in Table I. The long tedious process of Swingle and 
Pfiffner apparently yields extracts of extreme variation. Thus 
subsequent workers have found it necessary to use much larger 
dosages than Swingle and Pfiffner required, to keep adrenalecto- 
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mized cats alive, even for relatively short periods of time. In our 
earlier work, we found a dosage about 10 times as great as that 
stated by Swingle and Pfiffner to be necessary to prolong survival 
in cats. Britton and Silvette (3) also found it necessary to use 
about 5 times the dosage given by Swingle and Pfiffner. Wilson 
(25) and Cleghorn (4) have also reported the need of using rela- 
tively large doses (about 180 gm. of cortex) for cats. None of 
these authors has prolonged the life of adrenalectomized cats 100 
days as in Swingle and Pfiffner’s work. Death of treated animals 
from abscess formation (as in Wilson’s or Cleghorn’s work) is 
further indication that the dosage which they utilized was in- 
adequate. 

Physical Preperties of Extract—Our extracts prepared as de- 
scribed above are colorless and water-clear except when prepared 
in high concentration, when they possess a very faint yellow tinge. 
They thus differ from the highly colored extracts prepared by 
previous methods. The dark red (and usually toxic) solutions 
often obtained by the method of Hartman and Brownell (9) have 
never been encountered in using the present process. The garlic 
odor described by Kendall (11) as commonly present in prepara- 
tions made by the method of Swingle and Pfiffner (23) has also 
not occurred in our extracts. 

Further evidence of the relative purity of the extracts prepared 
by our method is manifested by their low content of total solids. 
When made up in distilled water, they contain less than 1 mg. of 
total solids per cc. 

The hormone was obtained in solid form, which when redis- 
solved manifested its activity. After slow evaporation from solu- 
tion in benzene or ether this solid appears crystalline when viewed 
under the microscope. Further work is in progress to demonstrate 
the possible identity of this crystalline material with the hormone 
and its physical and chemical properities. 

Toxicity of Extracts—The possible toxicity of extracts of the 
adrenal glands has received little consideration even in their 
clinical use. Such toxicity, however, is very prone to result from 
chemical decomposition, particularly of the epinephrine present, 
not only when whole glands are used but even when attempts are 
made to separate medulla from the cortex before extraction. The 
exact nature of this decomposition product of epinephrine is not 
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known with certainty, but it is probably a pyrrole derivative (13, 
17). Its great toxicity has been demonstrated by Loew (17) and 
others. Other decomposition products may also be responsible 
for the toxic manifestations of cortical extracts. Thus Cleghorn 
(4) has indicated the presence of histamine in his preparations 
made by the method of Swingle and Pfiffner. Benham et al. (2) 
also report toxic effects in the clinical use of these extracts. On 
several occasions we have obtained exceedingly toxic preparations 
of extract prepared by the methods of Swingle and Pfiffner (23) 
or Hartman and Brownell (9). This toxicity was demonstrated 
by injecting intraperitoneally 0.125 to 1 cc. in a normal mouse with 
resulting death in from a few minutes to several hours, with alarm- 
ing symptoms of respiratory difficulty. This test is rigid and 
prevents overlooking a possible degree of toxicity not observed 
when relatively smaller quantities are used on man or larger 
mammals. 

In no case have we observed any toxicity in preparations made 
by the procedure described above when tested on mice. In the 
anesthetized cat no pressor nor depressor effects were elicited by 
the intravenous injection of 2 to 3 cc. of the extract. 

Rat Method of Assaying Cortical Hormone—In testing the 
potency of our experimental extracts we have used chiefly adrenal- 
ectomized 1 month-old rats. These animals serve admirably for 
the assay of an experimental solution and permit evaluation of the 
potency of relatively small volumes of extract. With adequate 
therapy there is normal growth, as evidenced by a daily increase 
in weight of several gm. Hence one can in the course of a week 
determine roughly the potency of a given extract. The animals 
should then be allowed to die of insufficiency, which occurs unless 
the original operation has been incomplete, in which case regenera- 
tion of cortical tissue permits subsequent survival. 

The physiological effects of adrenalectomy in rats and their 
periods of survival after this operation have been described else- 
where (5, 8). Table II gives a series of typical weight changes 
occurring in these animals illustrating the method of assay which 
we have utilized in testing our extracts. The first two animals 
cited were normal controls which had not been operated upon. 
Such animals show a daily progressive increase in weight. The 
other rats were bilaterally adrenalectomized at one operation under 
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amytal anesthesia by the method and with the precautions previ- 
ously described (5,8). Rats 10 and 90 illustrate the loss of weight 
and death within a few days of animals left untreated or treated 
with impotent extracts. Rat 10wasnot treated. Rat 90 received 
an extract manifesting no activity. Rat 103 received a weak ex- 
tract which possessed too little activity to permit growth or more 
prolonged survival. Rats 79, 80, and 83 were treated with an 
active extract. These rats received a daily injection intraperitone- 
ally on the 1st to 7th day inclusive, when further treatment was 


TABLE II 
Typical Changes in Weight of Young Rats under Various Conditions 
Except for the first two rats (normal, untreated controls which were not 
operated upon) the animals were bilaterally adrenalectomized on the Ist 
day. Rat10was untreated. The others received daily injections (to and 
including the 7th day). Rats 90 and 103 died during treatment with weak 
or impotent extracts. 


2 3 6 7; 8 9 10 ll 
Normal control. ..... 42) 43) 45 | 47 55 70 72 75 
47| 49) 52 | 55) 57; 61 | 62) 62) 64 66 | 67 
Rat 10 (untreated)...| 70) 66) Dead 
90 (impotent ex- 
65] 62) “ 
Rat 103 (weak ex- 
57| 57 | 57| 57) Dead 
Rat 79 (incomplete 
operation)......... 45 50 | 51) 51) 54 | 57| 59) 60 58 | 58 
47| 48) 50 | 52) 53) 55 | Dead 
43) 45) 46 | 47| 48) 50 | 53) 54) 48 | Dead 


stopped. During the period of treatment (the first 8 days) 
normal growth occurred. Rats 80 and 83 then began to lose 
weight and were found dead on the 2nd and 3rd day, respectively, 
following cessation of treatment. Microscopic examination of the 
tissue at the adrenal site revealed no cortical cells. Rat 79 con- 
tinued to live after the cessation of treatment. This rat’s weight 
remained constant for several days following the cessation of 
treatment after which it began to increase without further therapy. 
The behavior of this rat illustrates the result obtained when an 
incomplete operation has been performed and cortical cells or rests 
have been left in the body. This can be verified by microscopic (or 
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after a sufficient period of time by macroscopic) examination of the 
adrenal sites (5). Although Rat 79 would probably have died 
within a few days if left untreated, the treatment allowed sufficient 
time for the regeneration of the cortical tissue left at operation 
which subsequently permitted indefinite survival and normal 
growth as previously demonstrated (5, 8). 

In assaying a given extract, the weight changes are followed as 
illustrated in Table II. By utilizing a series of four to six rats and 
varying the dosage, one can arrive at a fairly accurate assay of the 
activity of a given solution. The average amount of extract 
necessary to permit normal growth in a 40 to 50 gm. rat when 
given in a single daily intraperitoneal injection may be defined as 
a rat unit, if one desires an arbitrary unit to express the results. 

The dosage of the above extracts (1 cc. corresponding to 10 gm. 
of cortex or 15 gm. of the whole gland) to maintain normal growth 
in a 40 to 50 gm. adrenalectomized rat is shown in Table I. An 
adult cat requires on an average 3 to 5 cc. per day. Growing ani- 
mals require much higher doses (relative to their size) than adults. 
Thus in the case of a 5 week-old puppy a dose of 15 cc. per day was 
necessary. This animal, a female mongrel, weighed 1980 gm. on 
November 25, 1932, when it was bilaterally adrenalectomized at 
one operation. 5 weeks later it weighed 3300 gm. Microscopic 
examination of the adrenal site revealed no residues of cortical 
tissue. The animal, in so far as could be observed, was perfectly 
normal throughout this period. Month-old adrenalectomized 
rats have been raised to maturity by daily injections of extract. 
Adrenalectomized female rats have become pregnant, given birth 
to normal litters, and nursed them, when given the extract. 
On cessation of the extract or with inadequate dosage, the nor- 
mal reproductive process is inhibited; the animals if pregnant 
at the time of operation often die undelivered or lactation does not 
occur and the young soon die of inanition (5). These malfunc- 
tions are remedied by supplying adequate doses of the hormone, 
as has also been demonstrated recently by Swingle and Pfiffner 
(23) in dogs. 


SUMMARY 


A method is described for preparing extracts of the adrenal 
cortex which are capable of maintaining normal growth in adrenal- 
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ectomized young animals. The method is simpler than those 
previously available and yields a potent and non-toxic product. 
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THE PRODUCTION OF GLUCURONIC ACID IN SCURVY 


By ARMAND J. QUICK 
(From the Department of Surgery of the Fifth Avenue Hospital, New York) 
(Received for publication, December 16, 1932) 


In a recent publication Rygh and Rygh (1) reported that guinea 
pigs kept on a scurvy-producing diet lost their ability to synthesize 
glucuronic acid; and furthermore, that, if methylnornarcotine and 
glucuronic acid were added to a vitamin C-free diet, the develop- 
ment of scurvy was prevented. The possible significance of these 
results is obvious. The methods, however, employed by these 
authors for testing the animal’s ability to synthesize glucuronic 
acid are open to criticism. It seemed, therefore, desirable to re- 
investigate the problem of the production of glucuronic acid in 


experimental scurvy. 
EXPERIMENTAL 


Young guinea pigs were put on a Sherman, La Mer, and Camp- 
bell (2) vitamin C-free diet. The animal’s ability to synthesize 
glucuronic acid was tested by feeding borneol suspended in a 
solution of gum ghatti. Borneol glucuronic acid was identified 
by its characteristically insoluble zine salt. It was also quantita- 
tively determined by the author’s method (3); but since the collec- 
tion of urine from small animals especially for definite periods of 
time is unsatisfactory, the actual amount found is of no particular 
significance. Attempts to study quantitatively the conjugation 
of benzoic acid in scurvy were abandoned because it was felt that 
no proper evaluation of the blank could be made unless the urine 
was collected for specified periods. It was found, however, that 
after feeding benzoic acid, the urine showed a distinct reducing 
power, thus indicating that a fraction of the benzoic acid becomes 
combined with glucuronic acid. 

Guinea Pig 1—Weight at beginning of vitamin C-free diet, November 2, 
310 gm.; weight at time of death, December 9, 195 gm. 
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15th day, 0.5 gm. borneol fed, 0.105 gm. borneol glucuronic acid isolated 

23rd 0.3 “ 0.060 “cc “ “ “ “ 

33rd “ 0.3 “ “ “ 0.198 “ “ “ “ “ 
Symptoms before death: listlessness, weakness, and tenderness of joints; 
death on 37th day. Autopsy findings: lower teeth moderately loose; lungs 
slightly congested; adrenals appear enlarged; weight of left adrenal 250 mg., 
right adrenal 230 mg.; kidneys appear pale; bones of legs distinctly brittle; 
a few petechial spots about the ankles and knees of front legs, petechial 
hemorrhages about ankles and knees of both hind legs; a large ecchymotic 
area on inner side of the left thigh. 

Guinea Pig 2—Weight at beginning of vitamin C-free diet, November 2, 
327 gm.; weight at time of death, November 22, 230 gm., 20th day, 0.5 gm. 
borneol fed, 0.055 gm. borneol glucuronic acid isolated. Animal developed 
clonic convulsions 2 hours after receiving borneol, then became comatose, 
and died approximately 10 hours later. At the time of this experiment the 
animal was extremely weak, and had the typical scurvy position and face 
ache position. Autopsy findings: gallbladder distended; bile contains a 
relatively large concentration of borneol glucuronic acid; adrenals appear 
enlarged; front legs normal; diffuse hemorrhage about knee and ankle joints 
of both hind legs. 

For about the first 10 days of the experiment, both animals gained and 
maintained their weight. Borneol glucuronic acid was definitely identified 
as the zinc salt in each experiment. 


DISCUSSION 


The results of Rygh and Rygh could not be corroborated. It 
was definitely established that in the guinea pig the production of 
glucuronic acid occurs even after the development of severe scurvy. 
Even in the terminal stage of the disease there is no apparent 
impairment of this synthetic process. Since the synthesis of 
glucuronic acid occurs in fully developed scurvy, it must be con- 
cluded that this conjugating mechanism is not affected by vitamin 
C deficiency. The findings of Rygh and Rygh can readily be 
explained. They depended entirely on the qualitative naphthore- 
sorcinol test for glucuronic acid. The observation that the 
intensity of the test diminished as the disease progressed was 
interpreted as a loss of the organism’s power to synthesize 
glucuronic acid. As a matter of fact, it must be realized that 
glucuronic acid is not excreted free in the urine, but is formed only 
in response to glucuronogenic substances, which are ingested, are 
formed in the course of metabolism, or arise from the bacterial 
decomposition of amino acids in the intestines. The naphthore- 
sorcinol test is therefore a measure of the amount of glucuronogenic 
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substances produced rather than a test of the organism’s ability to 
furnish glucuronic acid. It stands to reason that the quantity of 
phenols and aromatic acids excreted during the early part of the 
experimental period should be higher since the consumption of 
food is larger. It must furthermore be emphasized that the 
naphthoresorcinol test is not specific for glucuronic acid. It gives 
a positive reaction with other uronic acids and various heterocyclic 
compounds. Until this fact is clearly recognized, many erroneous 
conclusions will continue to be made. Rygh and Rygh did further 
test the scorbutic guinea pig by feeding it peppermint oil. This 
was a rather unfortunate choice, since the principal constituent of 
this oil is menthol, a substance which the dog practically burns 
completely (4) and the rabbit oxidizes in appreciable amounts (5). 
It is probable that the guinea pig can also destroy menthol. Rygh 
and Rygh stated that they fed several 50 mg. doses. In this study 
it was found that on feeding one 50 mg. dose to normal guinea pigs, 
only a questionable trace of menthol glucuronic acid could be 
obtained. Since the organism can burn various conjugated 
glucuronic acids, as the author has repeatedly demonstrated, it is 
always hazardous to draw any conclusions concerning the true 
production of glucuronic acid on the basis of excreted combined 
glucuronic acid, unless the metabolism of the particular glucurono- 
genic drug has been carefully investigated. 

In the first guinea pig that died from scurvy, it was noted that the 
adrenals appeared abnormally large. The same observation was 
made on the second scorbutic animal, and it was found that while 
the adrenals of a control animal weighed 100 and 110 mg. respec- 
tively, those of the second guinea pig that died from scurvy 
weighed 230 and 250 mg. Whether this is a real or an apparent 
finding cannot be stated until a large series of animals has been 
studied. This subject will be further investigated in order to 
determine whether in vitamin C deficiency a compensatory hyper- 
trophy of the adrenal cortex occurs. 

In 1928 Palladin and Zuwerkalow (6) studied the synthesis of 
hippuric acid in scorbutic guinea pigs. They found a gradual 
decrease in the excretion of hippuric acid. In a typical experi- 
ment, they recorded a recovery of 64 per cent of benzoic acid in 
the normal animal, and 55 per cent after the animal had been on 
a vitamin C-free diet for 26 days. Since the weight of the animal 
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decreased from 370 to 270 gm. during the same time, it seems more 
logical to ascribe the decrease in the conjugation to the nutritional 
state of the animal rather than to a direct effect of scurvy. 
CONCLUSION 
The ability of the guinea pig to synthesize glucuronic acid is 
not lost in experimental scurvy. 
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EFFECTS OF OVERDOSAGE OF IRRADIATED ERGO- 
STEROL IN RABBITS 


CHANGES IN THE DISTRIBUTION OF PHOSPHORUS IN BLOOD 
CELLS AND PLASMA* 


By GEORGE MARTIN GUEST ann JOSEF WARKANY 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, January 9, 1933) 


It has been demonstrated by several investigators that in various 
animals the administration of single large doses of irradiated ergos- 
terol is followed by symptoms of toxic effects and by marked 
chemical changes in the blood (Demole and Fromherz, 1929; 
Haffner, 1929; Harris and Stewart, 1929; Heubner, 1930; Holtz 
and Schreiber, 1930; Laas, 1930; Naser, 1930; Warkany,1928, 1930). 
In normal rabbits, after a single suitable dose of irradiated ergos- 
terol the inorganic phosphorus of the blood may be seen to increase 
50 to 100 per cent within 24 to 48 hours and then to return within 
a few days to its initial level, with few or no other immediate signs 
of deleterious effects. After larger doses the inorganic phosphorus 
of the blood increases to higher levels, the non-protein nitrogen of 
the blood is greatly increased, and there are observed more marked 
signs of general toxic effects, with rapid loss of weight and death 
of the animals. Taylor, Weld, Branion, and Kay (1931) called 
attention to a certain degree of parallelism existing between the 
progressive changes of the inorganic phosphorus and the non-pro- 
tein nitrogen in the blood of dogs receiving large doses of irradiated 
ergosterol, comparable to that which Collip (1926) had demon- 
strated in dogs that received repeated doses of parathyroid extract. 
In comparing experiments carried out on different animals it should 
be noted that different species of animals vary considerably in their 
response to overdoses of irradiated ergosterol (Taylor et al., 1931); 

* Presented before the meeting of the Society for Pediatric Research at 
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in dogs, the serum calcium increases early, while the inorganic 
phosphorus of the serum is little altered until the later stages of 
intoxication (Holtz and Schreiber, 1930; Jones, Rapoport, and 
Hodes, 1930); in rabbits, the inorganic phosphorus of the serum 
increases early, while the calcium remains relatively unchanged 
until later (Warkany and Wasitzky, 1929). In normal children 
Hess and Lewis (1928) observed considerable increase of the cal- 
cium of the blood serum after the administration of high therapeu- 
tic doses of irradiated ergosterol. 

The experiments reported here deal with the distribution of 
certain of the phosphorus compounds in the blood cells and plasma 
of normal rabbits before and after the administration of varying 
doses of irradiated ergosterol. Most attention has been paid to 
the inorganic and organic acid-soluble fractions, the latter being 
that commonly designated the ester P (Kay and Byrom, 1927) 
which is confined almost entirely to the cells. The methods used 
have been described and discussed in greater detail elsewhere 
(Guest and Andrus, 1932). 


Methods 


The irradiated ergosterol was from two sources: (1) 10 per cent 
vigantol (a 10 per cent solution of irradiated ergosterol in olive oil) 
was kindly supplied by E. Merck, Germany; (2) irradiated ergos- 
terol in cottonseed oil 10,000 X, was kindly supplied by Mead 
Johnson and Company. The general effects obtained with the 
two preparations were the same; by rough estimate from these 
experiments, 1.0 cc. of the first preparation seemed to be equivalent 
approximately to 0.8 cc. of the second. 

Full grown rabbits were used. All had received a diet of a 
commercial prepared food (Pratt’s rabbit pellets) with occasional 
green vegetables. Blood samples were taken from the rabbits by 
heart puncture or from the marginal ear vein. For the cell counts, 
cell volume, and hemoglobin determinations 2 cc. of blood were 
added to 1 mg. of heparin. For the phosphorus and non-protein 
nitrogen determinations the blood was mixed with sufficient dry 
potassium oxalate to give 0.25 per cent’of the oxalate. 

For the determination of cell volume, heparinized blood was 
centrifuged in small capillary glass tubes at approximately 15,000 
R. Pp. M. for 5 minutes. The lengths of the columns of cells and 


| 
| 
i 
1 
§ 
] 
] 
i 


XUM 


G. M. Guest and J. Warkany 447 


plasma were read by means of a measuring microscope from the 
base of the blood columns to the tops of the white cells, the red cells, 
and the plasma, and from these measurements were calculated the 
cell volume values designated ‘‘total’’ and “red blood cell, volumes 
per cent”’ (Guest and Siler, unpublished). 

Red blood cell counts were made with Bureau of Standards 
certified hemocytometers; the blood was diluted 1:200 with 
Hayem’s solution in two pipettes, the pipettes were shaken 
mechanically, and counts made from each pipette in two chambers 
of the hemocytometer. 

Erythrocyte size in terms of cu. microns was calculated by 
dividing the cell count in millions into the volume of red cells 
in 1 ¢.mm. 

Hemoglobin was determined in a few experiments by the Palmer 
method (1918) with the standard controlled by determining its CO 
capacity according to the method of Van Slyke and Hiller (1929), 
and in the others by direct measurement of the oxygen capacity of 
the blood by the method of Sendroy (1931), 0.5 cc. samples of 
blood being used. The oxygen capacity in volumes per cent was 
divided by the factor 1.34 to give gm. of hemoglobin per 100 ce. 
of blood; the hemoglobin content was also expressed in gm. per 100 
ec. of red cells. © 

Non-protein nitrogen was determined by the method of Folin 
and Wu (1919), the precipitation method of Folin (1930) being 
used for obtaining the whole blood filtrates without hemolysis of 
the cells. 

Phosphorus was determined by the method of Fiske and Sub- 
barow (1925). The actual determinations were of the inorganic 
P in the whole blood and plasma, the total acid-soluble P in the 
whole blood, and the total P in the whole blood and plasma. The 
organic acid-soluble P or ester P value was obtained by subtracting 
the inorganic P from the total acid-soluble P, and the acid-insolu- 
ble P value was obtained by subtracting from the total P the total 
acid-soluble P. For the sake of economy of blood, total acid- 
soluble P in the plasma was not determined. The amount of 
organic acid-soluble P in the plasma is usually less than 0.5 mg. 
per cent, and this was considered negligible in calculating the ester 
P of the cells. The values for the inorganic P, ester P, and total P 
in the cells were calculated from the whole blood and plasma values 
by means of the total cell volume. 
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The values for the size of the erythrocytes afford a measure of 
contro] upon possible changes of these cells, shrinkage or swelling, 
due to osmotic changes. The values of the hemoglobin per 100 cc. 
of cells and the Hb: red blood cell count ratio respectively may be 
compared with those of the ester P per 100 cc. of cells and the 
ester P: red blood cell count ratio for a further indication of whether 
the cells remain relatively unchanged apart from the changes of 
their phosphorus content. 


EXPERIMENTAL 

Effects of Single Doses of Irradiated Ergosterol in Rabbits—In 
Table I are shown changes observed in a rabbit after each of two 
doses of irradiated ergosterol, given 26 days apart. After a pre- 
liminary blood sample was taken, this animal received 40 mg. of 
irradiated ergosterol (0.4 cc. of 10 per cent vigantol, Merck) by 
mouth; 48 hours later a second blood sample was drawn. In this 
second sample the inorganic P in the plasma had risen to 10.4 mg. 
per cent, an increase of 4.7 mg. per cent, and the ester P in the 
cells had risen to 85.6 mg. per cent, an increase of 12.8 mg. per cent 
above the initial level. 26 days later a third blood sample showed 
these values returned to a normal level, the inorganic P slightly 
below and the ester P only slightly above their initial levels. An- 
other dose of 100 mg. of irradiated ergosterol (1.0 cc. of 10 per cent 
vigantol) was given by mouth and blood samples were taken 48 
and 72 hours Jater. In the last sample the inorganic P in the 
plasma was 10.0 mg. per cent, an increase of 6.2 mg. per cent in the 
72 hours, and the ester P was 101.7 mg. per cent, an increase of 22 
mg. per cent. 2 days after this last sample was taken, the rabbit 
was found dead in the cage. 

In the experiment listed in Table II a single dose of irradiated 
ergosterol, 80 mg. (0.8 ec. of 10 per cent vigantol), was given 
to a rabbit, and during the next 2 weeks blood samples were taken 
at frequent intervals for study of the order of progression of those 
changes noted in Table I. In order to minimize the possible 
complicating effects of repeated bleeding, the blood samples were 
made as small as possible (around 4.5 ce.) and determinations of 
the total P in the whole blood and plasma were omitted. In order 
to condense Table II, only eight of the thirteen blood samples 
taken during this 2 week period are given. The inorganic P 
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in the plasma reached its highest peak, 8.8 mg. per cent, on the 
2nd day and was falling after the 4th day, while the ester P in 
the cells increased to reach its highest value at about the 7th day, 
returning to nearly its initial level by the 14th day. During the 


TABLE I 
Blood Changes after Two Single Doses of Irradiated Ergosterol 
Rabbit 372, white, New Zealand male. Received 40 mg. of irradiated 
ergosterol (0.4 cc. of 10 per cent vigantol, Merck) January 29, 1932, and 
again, 26 days later, 100 mg. (1.0 cc.of 10 per cent vigantol) February 24, 
1932. Found dead February 29. 


Jan. 29, 40 mg. Feb. 24, 100 mg. 
Before | | Before | | 72 bre 
Body weight, gm........sseccccsseecccecececs 3060 2860 2800 2720 2510 
Blood cells, total, vol. per cent..... 28.3 | 27.7 | 33.5 | 29.0] 29.0 
27.6 | 27.5] 32.8 | 28.5] 28.8 
“count, millions per c.mm.....| 4.75) 4.60 4.9 4.95 
Erythrocyte size, cu. microns...... 58.1] 59.8 58.2] 58.2 
Hb, whole blood, gm. per 100 ce....| 9.4 9.0 8.85, 9.0 
“ cells, gm. per 100 cc.......... 34.1 | 32.7 31.0 | 31.3 
Hb:r.b.c. count ratio.............. 1.98} 1.96) 1.80} 1.81 
Non-protein N, mg. per 100 cc....... 33 38 
Phosphorus distribution 
Whole blood 
Inorganic mg. per 100 cc.| 5.2 9.5| 3.7 9.0 8.9 
Total acid-soluble 100 “| 25.8 | 33.2 | 30.4 | 37.6] 38.4 
Ester P 20.6] 23.7 | 26.7 | 28.6] 29.5 
Total “| 35.2] 41.1 | 38.4 | 45.9] 46.6 
Acid-insoluble Ue 9.4 7.9| 8.0 8.3 8.2 
Ester P:r.b.c. count ratio......... 4.34, 5.15 5.84, 5.96 
Plasma 
Inorganic mg. per 100cc.| 10.4] 3.8} 10.5] 10.0 
Total = 148] 8.5 | 15.0] 13.8 
Cells 
Inorganic 3.9 Tai 38 5.3 6.2 
Ester P “| 72.8) 85.6) 79.7 | 98.6 | 101.7 
Total «100 “| 101.1 | 109.7 | 97.7 | 121.6 | 126.9 


experiment the cell count and cell volume fell considerably, but 
the values for the hemoglobin in the cells and for the erythrocyte 
size remained fairly constant. On the 43rd day, after 27 days rest, 
the rabbit was again given one dose of irradiated ergosterol, 0.8 cc. 
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of the 10,000 X (Mead Johnson) solution, and the course of the 
subsequent changes in the blood was followed in only five blood 
samples, all of which are listed in Table II. In this repeated experi- 
ment, without as great lowering of the blood cell volume or count, 
there occurred changes in the phosphorus of the blood similar to 


TABLE III 
Effect of Small Doses of Irradiated Ergosterol 
Rabbit 373, white, New Zealand male. Received 5 mg. (0.05 ce. of 10 
per cent vigantol, Merck) by mouth daily for 25 days. 


Blood cells, total, vol. per cent..... 41.3 | 31.9] 30.5| 27.3 | 20.9 
R.b.c., vol. per 40.8 | 30.9| 29.8] 26.6 | 20.5 
“ count, millions per c.mm..... 6.0 4.6 4.5) 4.1 2.98 
Erythrocyte size, cu. microns...... 68.0 | 67.2] 66.3 | 64.9 | 68.8 
Hb, whole blood, gm. per 100 cc....| 13.5 9.95 9.4] 8.25 7.0 
“cells, gm. per 100 cc.......... 33.1 32.2 31.5] 31.0 | 34.1 
Hb:r.b.c. count ratio.............. 2.25 2.16} 2.09) 2.01 2.35 
Non-protein N, mg. per 100 cc....... 33.0 | 79.0 | 97.0 71.2 
Phosphorus distribution 
Whole blood 
Inorganic mg. per 100 cc.| 4.37 5.6 8.1] 8.1 7.9 
Total acid-soluble “‘ ‘* 100 “ | 35.2 34.7 | 34.2 | 34.5 30.0 
Ester P 29.1 | 26.1 | 26.4 22.1 
Total - 43.7 | 44.0 38.7 
Acid-insoluble 9.0 9.8 8.7 
Ester P:r.b.c. count ratio.......... 6.33} 5.80 6.44 7.42 
Plasma 5.13 
Inorganic mg. per 100 cc.| 4.94 6.6 9.1; 9.1 8.5 
Total 11.7} 16.0 | 14.9 13.4 
Cells 
Inorganic 34 3.5 5.8} 5.4 5.6 
Ester P «© 100 “ | 74.6 91.2| 85.6 | 96.7 | 105.7 
Total «100 “ | 89.3 | 112.0 | 107.8 134.5 


those first observed. Here again the inorganic phosphorus of the 
plasma was falling from its high level (8.8 mg. per cent on the 3rd 
day) when the ester P was still increasing in the cells on the 6th day. 
Of course, in either of these experiments the actual highest values 
of either of the phosphorus fractions may have been reached on 
days when no blood samples were taken, but it is apparent that 
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there is a marked divergence in the course of the changes of the 
inorganic P and the ester P. 30 days after this second dose of 
irradiated ergosterol, when the animal again had apparently 
recovered, the ester P in the blood cells was at the lowest level (55 
mg. per cent) observed in any of the animals of this series. 

Effects of Repeated Smaller Doses of Irradiated Ergosterol—To 
demonstrate a more gradual evolution of those changes displayed in 
Tables I and II, smaller doses of irradiated ergosterol were given 
to rabbits daily. The results of one such experiment are shown in 
Table III. For 25 days this rabbit received 5 mg. of irradiated 
ergosterol (0.05 cc. of 10 per cent vigantol) daily by mouth, and 
blood samples were taken on the days indicated in Table III. 
The animal lost weight progressively. In the blood sample taken 
on the 21st day the non-protein nitrogen was stil] within normal 
limits, the inorganic P of the plasma had increased 1.7 mg. per cent, 
and the ester P of the cells had increased 16.6 mg. per cent. The 
administration of irradiated ergosterol was stopped after the 25th 
day, and in the last blood sample, taken on the 31st day, 5 days 
later, both the inorganic P of the plasma and the non-protein 
nitrogen had started to decrease from their high values determined 
on the 29th day, while the ester P in the cells had further increased 
to 105.7 mg. per cent or 31.1 mg. per cent above the initial value of 
this fraction. Death occurred as a result of the heart puncture 
immediately after this sample was taken. In this, as in other 
experiments not listed here, there appears to be some degree of 
parallelism between the inorganic P and the non-protein nitrogen 
elevations in the blood, while the changes of the ester P seem to be 
independent of either. 


DISCUSSION 


The protocols of three typical experiments (Tables I to III) have 
been presented to illustrate the changes which occur in the blood 
of normal rabbits following overdosage with irradiated ergosterol. 
More than twenty such experiments have been carried out on 
rabbits, with varying dosage and different time intervals in the 
sampling of blood, with results always similar to those shown here. 

Presumably the phosphorus as it increases in the blood is 
largely derived from the body tissues, since these animals refuse 
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food and lose weight fairly rapidly as the signs of toxic effects of 
overdosage with irradiated ergosterol develop. The inorganic 
phosphorus, as well as the non-protein nitrogen in the blood, is 
usually considered to be made up in large part of waste metabolites 
which are to be excreted by the kidney. It is conceivable thatas 
tissue catabolism increases a partial failure of adequate renal func- 
tion in some of the animals may contribute to the accumulation 
of inorganic phosphorus in the blood, but in most of these experi- 
ments the ester P in the cells was increased long before the non- 
protein nitrogen of the blood was increased. Little is known of 
the enzymatic reactions which are responsible for the synthesis of 
those organic phosphorus compounds which are measured in the so 
called ester P fraction. Taylor, Weld, Branion, and Kay (1931) 
reported one experiment in which, after the administration of 
irradiated ergosterol to a dog, the phosphatase of the blood plasma 
was reduced. The intracellular enzymatic changes are likely to 
be more significant than those of the plasma, but these apparently 
have not been studied. 

Studies similar to those reported here have been made on a few 
dogs, after the administration of irradiated ergosterol in repeated 
large doses, with results somewhat different from those obtained 
with rabbits. These studies will be reported in a later communica- 
tion. 


SUMMARY 


The distribution of phosphorus in the blood cells and plasma of 
rabbits was studied before and after the administration of large 
amounts of irradiated ergosterol, around 0.8 cc. of a solution 10,000 
X, given in a single large dose or repeated smaller doses. The most 
marked changes noted were of the inorganic phosphorus in the 
plasma and of the organic acid-soluble ester P in the cells. Ina 
typical experiment the inorganic P increased in the plasma from 
3.8 to 10.0 mg. per 100 cc., while the ester P in the cells increased 
from 79.7 to 101.7 mg. per 100 cc. Such changes were observed 
within 48 to 72 hours after a single large dose; changes of equal or 
greater magnitude developed more slowly when the irradiated 
ergosterol was given in smaller daily doses over periods up to 25 


days. 
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THE OXYGEN CONSUMPTION OF FASTING WHITE 
MICE 


By J. E. DAVIS anv H. B. van DYKE 
(From the Lasker Foundation for Medical Research and the Department of 
Medicine, the University of Chicago, Chicago, and the Department of 
Pharmacology, Peiping Union Medical College, Peiping, China) 


(Received for publication, January 9, 1933) 


A method for measuring the oxygen consumption of small ani- 
mals was described in a previous article (1). It was shown that 
this method permitted not only the direct measurement of the oxy- 
gen consumed but also the elimination of periods during which the 
animal was active. These points were illustrated by experiments 
on fasting white mice, whose oxygen consumption for the quiet- 
relaxed-awake state was found to average 37.5 liters of oxygen 
per kilo of body weight of mouse per 24 hours. As this figure 
was lower than most hitherto reported, it was arranged to have 
the oxygen consumption of a series of mice determined in Chicago 
by the authors with this method, and checked in the Nutrition 
Laboratory of the Carnegie Institution of Washington at Boston 
by its skilled workers with the method developed there (2). Seven 
male mice were used for this comparison, four (Mice 1, 3, 5, 19) 
of a litter born November 14, 1931, and three (Mice 8, 9, 13) of 
a litter born December 23, 1931. In both places they were kept 
at an environmental temperature of about 28° before as well as 
during the metabolism determination. In both places, also, several 
determinations were made on each mouse 17 to 24 hours after its 
last access to food. 

The data obtained by the Chicago method are shown in Tables 
Iand II. Table I shows the data for a typical determination by 
the Chicago method. It should be noted that Table I does not 
account for the full time the mouse was in the metabolism cham- 
ber, but only that portion during which its behavior was for the 
most part quiet. Before the mouse became quiet, oxygen was 
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admitted and no readings were attempted; only when the mouse 
became quiet was the apparatus closed and readings made. Only 


TABLE I 
Oxygen Consumption of Mouse 13, June 8, 1932, Determined by 
Chicago Method 
Weight, 27.5 gm.; temperature, 28.0°; barometric pressure corrected, 
717.8 mm.; time away from food, 18 hrs. 


O: consumption 
Time State of mouse 
pg Per period Per kilo per 24 hrs. 
min. cc. cc. liters 

0 | Quiet-relaxed-awake 

5 4.2 
10 i 4.1 
15 4.3 
20 | Turning and scratching | 5.0 
25 “ “ “ 5.6 

0 | Quiet 

5 “i 4.5 
10 | Turning 5.0 
15 | Sleeping 3.4 
20 3.2 
25 3.2 
30 id 3.1 | 12.9 per 20 min., | 29.2* for sleep- 
35 | Turning and scratching | 5.0 sleeping ing state 

0 | Quiet-relaxed-awake 

5 
10 4.3 
15 | Sleeping 3.3 
20 | Quiet-relaxed-awake 3.9 
25 4. 
30 - 4.2)}| 20.7 per 25 min., | 37.3* for quiet 

quiet-relaxed- state 
awake 


* Liters of oxygen (s.T.P.) consumed per kilo per 24 hours: (a) for 
sleeping state = x X 29.2; (b) for quiet- 


20.7 60 24. 1000 _, 273 _, 717.8 
relaxed-awake state i000 * * 301 * “eo = 37-3: 


those readings which corresponded to similar states of the mouse 
and remained consistent for successive 5-minute periods were taken 
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for calculation of the oxygen consumption. Two such longer 
periods were obtained for Mouse 13, one of 20 minutes for the 
sleeping state, and one of 25 minutes for the quiet-relaxed-awake 
state, the former giving an oxygen consumption value of 29.2 


TABLE II 
Oxygen Consumption of Each of Seven Fasting White Mice Determined in 
Chicago by Authors, with Their Method 


B tri Os: per kilo per 24 hrs. 
Mouse No. Date Weight - 
1982 gm. mm, liters liters 
1 July 5 27.3 718.1 38.1 
oho 27.0 713.5 38.0 
ce 26.0 724.7 37.9 
pal 26.0 717.3 41.8 
3 June 13 27.0 715.4 26.5 40.0 
i 26.5 712.2 39.9 
July 8 27.3 717.2 28.1 38.4 
5 June 16 31.0 716.6 39.3 
“« 28 32.3 720.0 29.6 36.9 
“« 2 31.5 712.6 28.9 39.0 
8 ase 29.3 717.4 36.3 
eit | 30.2 717.7 31.2 40.1 
a 31.7 714.0 28.5 38.8 
July 25 31.0 716.7 28.5 37.4 
9 June 11 26.8 723.1 38.2 
“« 2 27.0 713.4 27.3 39.2 
July 9 26.5 720.5 29.5 39.4 
13 = 2 28.0 721.0 25.5 35.8 
June 8 27.5 717.8 29.2 37.3 
July 6 29.3 719.1 36.1 
19 June 10 28.0 719.7 39.5 
29.8 721.8 39.6 
July 12 29.0 722.3 26.6 37.5 
30.5 720.9 39.5 


liters, and the latter of 37.3 liters per kilo of body weight per 24 
hours. The oxygen consumption values of all the mice are shown 
in Table II. The average for the sleeping state was 28.3 liters; 
for the quiet-relaxed-awake state 38.5. It will be observed that 
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Oxygen Consumption of Each of Six Fasting White Mice Determined in 
Boston by Nutrition Laboratory Workers, with Method Developed There 


TABLE III 


Caloriest 
Duration | Os: per 
Mouse Date Weight | Surface* | | | 
hrs. hrs. 
1982 gm. 8g.cm. min. liters per cent 
1 | Apr. 27 | 25.4 78 8.3 50.3 236 768 
8.6 50.6 237 773 
9.5 50.7 238 774 
9.2 55.3 260 846 
12.5 44.5 208 679 
5 “ 28 | 28.17 83 9.3 45.8 215 729 
8.8 44.1 207 702 
10.5 47.5 223 756 
10.4 55.3 259 880 
10.4 57.0 267 907 
13 “ 25 =| 24.20 75 11.0 80.0 375 1210 
11.3 50.7 238 767 
12.3 53.8 252 813 
11.8 53.4 250 807 
12.0 54.7 256 827 
12.0 55.1 258 833 
May 4 | 23.96 75 14.4 41.9 196 626 
10.4 53.5 251 800 
9.0 62.4 292 934 
1 | Apr. 12 | 24.58 76 55.6 47.7 224 725 10 
53.0 42.2 199 644 15 
8 “« 15 | %.33 80 31.1 41.1 193 634 15 
43.4 35.9 168 553 3 
24.6 33.6 158 519 5 
42.8 38.1 179 588 2 
51.8 38.5 181 595 2 
9 “ i iS. 75 61.0 59.7 280 900 35t 
74.8 51.9 243 782 23t 
60.1 52.0 245 786 18t 
19 “ 16 | 24.75 76 30.6 48.2 226 737 23t 
17.1 40.5 190 618 12 
32.4 42.2 198 644 3 
*S=9.0 x Wh 


+ Computed from the oxygen consumption with the caloric value indi- 
cated by the actually determined respiratory quotient. 
t Values corresponding to activities over 15 per cent are not included 


in the average. 
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the drop due to change of state is 26.5 per cent, which is greater 
than that usually attributed to sleep. It may well be that these 
states of the mouse have not been correctly described, and that 
what appeared to be a quiet-relaxed-awake state was in reality not 
one of perfect relaxation but of some tension; more, perhaps, than 
characterizes animals that show a smaller difference between the 
sleeping and awake states. The average, 38.5 liters per kilo of 
body weight, for what appeared to be the quiet-relaxed-awake 
state was but slightly higher than the value of 37.5 liters pre- 
viously reported. 

Table III shows the determinations made on six of the same mice 
in the Nutrition Laboratory at Boston. It will be observed that 
these determinations were made about 3 months before those of 
Table II, and that consequently the weights of the mice were less. 
Table III is divided into two parts, the first part containing those 
determinations in which activity was not measured, the second 
part those determinations in which activity was measured. The 
activity as recorded in the last column was measured in terms of 
duration only. Mouse 1 was active 10 per cent of the time in 
the first period and 15 per cent of the time in the second, but the 
oxygen consumption for the first period was greater than for the 
second. This was no doubt due to an intensity factor which was 
not measured and which must have been much greater in the first 
than in the second period. However, the purpose of the activity 
measurement was merely to illustrate somewhat roughly the effect 
of activity, and it may be observed that the oxygen consumption 
values corresponding to activity durations of 18 to 35 per cent 
were all greater than those corresponding to activity durations of 
2 to 15 per cent. Therefore, it would seem safe to conclude re- 
garding those cases in the first part of Table III where activity 
was not recorded that the lower oxygen consumption values cor- 
responded to a lesser degree of activity either during or just be- 
fore the period. than did the higher values. None of the values in 
the first part of Table III was used in calculating the average and 
only the nine values in the second part that corresponded to re- 
corded activity durations of 15 per cent or less. The average of 
these nine determinations was 40.0 liters of oxygen per kilo per 24 
hours, which was but slightly higher than the Chicago average, 
38.5. The four lowest of these oxygen consumption values, 
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namely 35.9, 33.6, 38.1, and 38.5 for Mouse 8, corresponded to the 
lowest recorded activities, namely 3, 5, 2, and 2 per cent, respec- 
tively, and were of the same order as the four values, 36.3, 40.1, 
38.8, and 37.4, obtained for the same mouse by the Chicago 
method in which activity was entirely eliminated. It will be ob- 
served that the second of the former four values, 33.6, correspond- 
ing to an activity duration of 5 per cent, is less than any of the 
latter four for the quiet state involving no activity. It is probable 
that the behavior of a mouse during any one determination was 
characterized by states of quiet, sleep, and activity, the propor- 
tions of which varied from determination to determination, and 
that in the partly quiet, partly active, partly sleeping state of 
this mouse the activity was more than compensated by the sleep 
so that the value obtained lay between that for the quiet and that 
for the sleeping state. If the mouse had slept throughout, it 
would probably have given a value approaching 28.3, obtained 
for the sleeping state by the Chicago method. Values as low as 
this were later found in the Boston Laboratory on a different group 
of mice, each of which, after being without food from 18 to 43 
hours, showed a lowering of rectal temperature (determined by the 
thermoelectric method) of from 1.6-3.5°. A somewhat smaller 
lowering of rectal temperature (determined by a clinical ther- 
mometer), namely 0.5-1.5°, was also later found in the Chicago 
laboratory on some of the jointly investigated and other mice after 
being without food from 17 to 24 hours. This lowering of tem- 
perature of mice under the conditions observed may in part ex- 
plain the comparatively low metabolic values obtained. 

The adequacy of the Chicago method has also been tested both 
by an alcohol check and by analysis of the carbon dioxide content 
of the chamber before and after an experiment. Such analyses 
were made for most of the experiments recorded in Table II, and 
it was found that the carbon dioxide content of the chamber both 
before and after a determination was in every case approximately 
0.04 per cent. An alcohol check was made by using an alcohol 
burner such as is illustrated in Fig. 1, and the burning of approxi- 
mately 0.5 cc. of alcohol in this burner required the mercury reser- 
voir to be enlarged to at least 700 cc. The burner was placed in 
the metabolism chamber which connected with a manometer and 
the mercury reservoir to which mercury was admitted from a 
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burette to replace the carbon dioxide absorbed by the soda-lime 
in the chamber. The reservoir of the alcohol burner consisted 
of a capillary tube surmounted by a cup which contained the 
alcohol that was burned while the chamber was coming to constant 
temperature, during which time oxygen was admitted. When 
the temperature of the chamber became constant, and when the 
alcohol level in the burner reached the zero point at the upper end 
of the capillary reservoir, the system was closed, and the amount 
of oxygen burned was measured by the amount of mercury ad- 
mitted to restore the manometer level. Mercury was admitted 


cup reservoir 


capillary reservoir 


rubber stopper 


0.5 


Fig. 1. Vertical section of alcohol burner 


to the system about as fast as the oxygen was consumed, so that, 
when the alcohol was burned down to the 0.5 ec. mark at the lower 
end of the capillary reservoir, the mercury required to restore the 
manometer level could be admitted at once. After the lapse of 
2 or 3 minutes the displacement of the manometer level would 
indicate the absorption of a few more cc. of carbon dioxide, but 
this lag in absorption was disregarded because it was compensated 
by a similar lag at the zero point. Four alcohol checks carried out 
in this way resulted in oxygen consumption measurements deviat- 
ing 0.4 to 1.37 per cent from the theoretical amounts. 

It should be pointed out, however, that the Chicago method 
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requires rather elaborate apparatus which must be kept in perfect 
mechanical condition and be carefully operated. This is especi- 
ally true when a chamber of 8 liters capacity is used for a mouse 
rather than a rat, for which that size is better suited. If changes 
should occur in the temperature or barometric pressure of the 8 
liters of air, they would result in a proportionately greater error in 
the record of the volume of oxygen consumed by a mouse than 
by a rat in the same length of time. Such errors, however, would 
be more applicable to individual determinations, for in a number of 
determinations there would likely be as many errors tending to in- 
crease as to decrease the determination, so that the final effect of 
these errors would be ironed out in the average of a series of de- 
terminations. 


The authors desire to acknowledge their indebtedness and to 
express their thanks to Dr. F. G. Benedict and his coworkers in 
the Nutrition Laboratory of the Carnegie Institution of Washing- 
ton, Boston, for making the determinations recorded in Table 
III and for their helpful suggestions during the preparation of this 
article. 
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THE OXIDATION OF CYSTINE IN NON-AQUEOUS MEDIA 


I. THE SOLUBILITY AND STABILITY OF CYSTINE IN NON-AQUEOUS 
ACID-BASE SYSTEMS 


By GERRIT TOENNIES anp THEODORE F. LAVINE* 
(From the Research Institute of the Lankenau Hospital, Philadelphia) 


(Received for publication, January 7, 1933) 


The biological investigations of Hammett and collaborators (1-4) 
from this Institute, indicating a functional antagonism between 
the —SH group and its oxidation products, stimulated the present 
studies directed toward cystine derivatives intermediate between 
cystine and cysteic acid. Of the formally possible sulfur deriva- 
tives (Table I) only three, cysteine (I), cystine (II), and cysteic 
acid (X), are known. 

In considering the possibilities of experimental approach to the 
other hypothetical derivatives of l-cystine, preparation of the 
sulfinie acid over the sulfonyl chloride did not appear very feasible. 

Interception of the intermediate acids in an aqueous oxidation 
offers little promise since it is known that in compounds of the 
cystine type the combination of hydrolysis and oxidation equilibria 
leads to the sulfonic acid as the final product (5-13). On the other 
hand, if it were possible to effect oxidation without hydrolysis of 
the —S—S— linkage, this should lead into the series of “anhy- 
dride” oxidation products, Rather than render the cystine mole- 
cule more soluble by acylation or esterification, it was considered 
preferable to use cystine as a salt in a non-hydrolyzing medium. 
If this condition could be realized, perbenzoic acid might be a 
suitable oxidizing agent. To see whether this peroxide has an 
action on disulfide sulfur similar to its action on monosulfides 
investigated by Lewin (14-17), the oxidation of dithiodiglycolic 
acid in chloroform solution was attempted. 

Oxidation of Dithiodiglycolic Acid by Perbenzoic Acid—10 mm of 


* Daniel Wentz Fellow of the Lankenau Hospital Research Institute. 
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dithiodiglycolic acid (1.82 gm.) were dissolved in 200 cc. of chloro- 
form and 25 cc. of absolute alcohol and at 0° 20 mm of perbenzoic 
acid in 70 ce. of chloroform (solution of perbenzoic acid prepared 
according to Lewin (16)) were added. Samples were taken at 
intervals and the peroxide concentration was determined by titrat- 
ing the iodine liberated from KI solution (Lewin (14)) with the 
following results. 


eee (0) 33 63 93 123 153 
O; consumed per mol 
disulfide, gm.-atoms...... (0.00) 1.33 1.63 1.86 1.93 1.95 
TABLE I 


Sulfur Derivatives of Cystine (R = HOOC—CH(NH:.)—CH:—) Arranged 
According to Level of Oxidation 


Anhydrides 
Acids 
Symmetrical Asymmetrical 
R—S H_ (I) 
R—S -—S —R (II) 
R—SO H (III) R—S —SO—R_ (IV) 
R—SO—SO—R_ (V) R—S —SO.—R_ (VI) 
R—SO.H (VII) R—SO—SO.—R (VIII) 
R—SO,—SO.—R (IX) 
R—SO.H (X) 


After 1 day the nitroprusside test for —S—S— was negative. 
Isolation of the oxidation product was abandoned on account of 
the difficulties presented by the similarities of benzoic acid and the 
other reaction product, both being acids and both being soluble 
in organic solvents. 

Proceeding to investigate the solubility of salts of cystine cation 
in non-aqueous media, we found that cystine dissolves easily in 
methy] alcoholic solutions of HCl and that the optical rotation of 
such a solution is nearly identical with that of an aqueous HCl 
solution of equal concentration.!_ A rather rapid decrease, how- 
ever, of the rotation that follows an exponential curve when plotted 
against time indicates that, even at low temperatures, cystine 


1 This confirms an earlier impression (18) that the state of ionization 
rather than the solvent is the predominating factor in the optical rotation 
of the cystine molecule. 
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undergoes esterification in the alcoholic solution. Besides, it was 
observed that perbenzoic acid oxidizes the HCl to Cl, in the alco- 
holic solution. ~ 

l-Cystine in Methyl Alcoholic HCI—0.1006 gm. of cystine (0.42 
mM) was dissolved in 10 cc. of freshly prepared 1 Nn HCl (10 mm) 
in methyl alcohol. The following optical rotations, calculated as 
specific rotations for the amount of cystine used, were obtained at 


25-27°. 


WH, Piciscsccs<ce 0 (?) 0.67 1 2 3.25 
—245 —225 —215 -193 —171 

degrees..... —101 -—30.2 —26.8 -—20.5 -—17.6 —18.9 


Perbenzoic Acid, Methyl Alcohol, and HCl—(a) 5 ce. of 0.285 m 
perbenzoic acid (1.425 mm) in chloroform combined with 25 cc. of 
methyl alcohol, kept at 0° for 24 hours, consumed after addition of 
30 ce. of an aqueous 20 per cent KI (36 mm) solution 28.30 ce. of 
Na.S,0; solution; whereas, 5 cc. of the same perbenzoic acid solu- 
tion (without alcohol) used 28.38 cc. of NaS.0;3. (b) 10 ec. of 
0.252 m perbenzoic acid (2.52 mm) in chloroform and 3 cc. of 1 N 
methyl alcoholic HCl (3 mm) were made up to 25 cc. with methyl 
alcohol and kept at —15°. 5 cc. samples consumed immediately, 
29.4 ec.; after 19 hours, 27.0 cc.; after 44 hours, 22.9 ce.; after 68 
hours, 19.1 ec. of Na,S,O;. After the 18 hour period the escape of 
Cl, from the flask was noticed by the odor. 

In the search for an acid-solvent system that would not be sub- 
ject to oxidation or esterification, the following strong organic acids 
in methyl] alcoholic solution were tried but found to be incapable 
of dissolving significant amounts of cystine: picric acid (I), o- 
nitrobenzenesulfonic acid (II), 2-nitrobromobenzene-4-sulfonic 
acid (III), and 2,4-dinitro-1-naphthol-7-sulfonic acid (IV). After 
standing overnight with the solutions of (II), (III), and (IV) some 
cystine had dissolved, apparently due to a secondary reaction 
(esterification?). 

A separate paper (19) will deal with some observations relating 
to cystine and picric acid. The system perchloric acid in glacial 
acetic acid (20, 21) was studied next. 

l-Cystine in Acetic Acid Solutions of Perchloric Acid—68 per cent 
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aqueous perchloric acid and acetic anhydride equivalent to the 
water of the HCIO, solution are cooled to below 0° and carefully, 
with strong cooling, combined. When the reaction is over, the 
solution is made up to the desired concentration with glacial acetic 
acid. To 0.417 mm of cystine (100 mg.) 10 mm of HCIO, in acetic 
acid (6.66 cc., 1.5 N) were slowly added; the solution was made up 
to 10 ce. with acetic acid. {a]y,, calculated for cystine, = +19°; 
for cysteic acid, +13.5°. After dilution of the solution to 10 times 
its volume with aqueous 1 n HCl, [a]y,, calculated for cystine, = 
+20°; for cysteic acid, +14°. 

In order to effect solution at lower temperature, without freezing 
of the medium, an excess of acetic anhydride was used and finally 
dilution with acetone. To an ice-cooled solution of 40 mm of 
HC1Q, in acetic acid and acetic anhydride (16 cc. of 2.5 n HCIO, in 
acetic acid + 4 cc. of 90 per cent acetic anhydride) cystine was 
added in small portions. As the dissolving reaction slowed down, 
the temperature was allowed to go up. As soon as a turbidity 
began to form (to be distinguished from excess cystine) the mixture 
was filtered through a dry asbestos filter. After addition of 12 ce. 
of 90 per cent acetic anhydride to the filtrate, the mixture was left 
in the refrigerator for 1 or 2 days, until the precipitate had settled. 
The supernatant liquid was decanted and the precipitate was 
washed by decantation with acetic acid ard ether. The yield was 
1.47 gm. About 2.1 gm. (8.75 mm) of cystine had been used. 
Yield, calculated as cysteic acid, 49.5 per cent. 


C;H;NSO;. Calculated. N 8.28, S 18.93 
Found. ** (Van Slyke amino, with cystine coefficient) 
8.12, 8.04, S (Parr oxygen bomb) 18.89 


With strong cooling 0.417 mm of cystine (100 mg.) were dis- 
solved in a 1.5 n solution of HCIO, in acetic acid that had been 
diluted to twice its volume with acetone. About 6 mm of HClO, 
(8 ec.) were required. After the mixture was made up to 10 cc. 
with 1.5 n HCIQ, in acetic acid, [a], = —210°. The solution was 
deeply colored and soon became too dark for further readings. 

These experiments seem to indicate that the primary reaction is 
solution of the cystine by simple salt formation, but that more or 
less rapidly, according to concentration and temperature, a second 
reaction takes place in which at least half of the cystine is con- 
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verted into cysteic acid by the oxidizing decomposition of per- 
chlorie acid. The possibility of preventing the second reaction by 
working in another medium and at low temperature, was further 
studied. Of various solvents tried, highly purified acetonitrile, a 
hydroxyl-free solvent of relatively high dissociating power (dielec- 
tric constant 36) showed the most promising results, which led to 
its use as the sole solvent. Disturbing experiences with aceto- 
nitrile of insufficient purity led to the development of certain 
minimum requirements. 

Standard of Purity of Acetonitrile. 1. Freedom from H,O—The 
CH;CN, predried by anhydrous K,CO; (not CaCh, as this gives rise 
to HCl in the distillate from P,O;), should be refluxed for 1 hour 
with an excess of P,O; and then distilled under protection from 
humidity. 

2. Boiling Point—The boiling point of CH;CN was found to be 
81.75° + 0.05° at 760 mm. of Hg (reduced to 0°), with a correction 
value of 0.046° per 1 mm. of Hg near 760 mm. of Hg. The total 
boiling range should be within +0.2° of the theoretical boiling 
point. 

3. Neutrality—5 cc. of CH;CN should become yellow, not red, 
on addition of thymol blue (alkali salt) indicator, and not more 
than 1 drop of 0.1 nN NaOCH; in CH;OH should be required to turn 
the solution blue. The presence of HCN or other weak acids can 
be detected by this test. 

4. Miscibility with HO—On gradual addition of H,O to CH;CN, 
up to 5 volumes, no turbidity should appear at any stage. A 
turbidity indicates the presence of CsH, (b.p. 80.4°). 

5. Reducing Power—When 1 drop of 0.15 per cent aqueous 
KMnQ, solution is added to 5 ec. of CH;CN, the pink color should 
be definitely present after'1 hour. Also, when 5 cc. of CH;CN, 
after addition of 3 drops of 70 per cent aqueous HCIO, solution, are 
heated to the boiling point and allowed to cool, no color whatso- 
ever should appear. Insufficient purity is indicated by formation 
of a faint pink tinge. 

L-Cystine in Acetonitrile Solutions of Perchloric Acid—The cal- 
culated amounts, accurately weighed out, of aqueous HCIO, and 
of acetic anhydride, both of the highest commercial concentrations, 
at least 68 and 90 per cent respectively, are separately dissolved in 
acetonitrile. With careful cooling the solutions are combined and 
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made up to the required concentration with acetonitrile. The 
solution is kept at 0°. 

A 0.4.N solution of HClO, in CH;CN (containing about 13.7 gm. 
of acetic acid per 100 cc.) was diluted, 18 hours after it had been 
prepared, with CH;CN, to give solutions 0.3 Nn, 0.2 nN, and 0.1 N in 
HCI1O0,. Each solution was shaken with excess cystine for 10 
minutes at 25°. The results of polarimetric readings, together 
with approximate values for the specific rotations of cystine in the 
four acid concentrations, obtained on solutions of weighed amounts 
(approximately 100 mg. per 10 cc.), are given in Table II. 


TABLE II 
Cystine and Perchloric Acid in Acetonitrile 

0.10 0.20 0.30 0.40 
a 47, of saturated solu- 

tions, 1 dm. tube, 

ss —3.40 —6.39 —9.28 —12.38 
0-1 gm. cystine 

per 10 cc., degrees. ..| —298 — 284 — 268 (—254)* 
Calculated concentra- 

tion of saturated 

solution of cystine, 

0.0475 0.094 0.144 0.2035 
Molar ratio, HClO,: 

2.11 2.13 2.08 1.97 

* Extrapolated value. 


When the saturated solutions had stood for 7 days at room tem- 
perature (above 30°) with excess cystine, no decrease in rotation 
and no trace of discoloration had occurred. Full stoichiometrical 
equivalence between cystine and HCIO, was obtained when cystine 
was dissolved in the acetonitrile solution of hydrated HCIO, before 
addition of acetic anhydride (see below). By the addition of an 
organic base, such as pyridine, the cystine, essentially unchanged, 
is reprecipitated. 

Reprecipitation of l-Cystine from Acetonitrile Solution—A solution 
of cystine perchlorate in acetonitrile, prepared by saturating the 
CH;CN solution of hydrated HCI1O, with cystine and subsequently 
adding the calculated amount of acetic anhydride, was used. Ac- 
cording to the amount of cystine dissolved, the concentration was 
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2.4105 gm. of cystine per 100 cc.; lal, = —311°. After 27 days 
standing at room temperature [a]#,= —303°, a decrease of 2.5 
per cent. Now to a weighed amount of the solution, correspond- 
ing to 2.031 gm. (8.46 mm) of cystine, according to the original 
concentration, 2.22 cc. (28 mm) of pyridine were added. After 2 
hours the precipitate was filtered, washed with CH;CN, and dried. 
The resulting amorphous gel-like mass had a strong pyridine odor; 
it was carefully pulverized and washed again with CH;CN. Now 
a pure white powder resulted on drying. Drying at 115° in vacuo 
was continued up to 11 hours as the odor of pyridine persisted and 
weight continued to be lost. When evidence of beginning decom- 
position (discoloration, formation of HS) appeared, drying was 
discontinued. Total weight, 2.096 gm. [a]#, (1 gm. per 100 ce. 
with 1 n HCl) found, —228.5°; cystine used, —241.9°. S (oxida- 
tion by alkaline KMnO,) found, 24.98, 25.05 per cent; calculated, 
26.67 per cent. Difference in [a], 5.5 per cent; difference in §S, 
6.3 per cent; average difference, 5.9 per cent. Recovery, cor- 
rected for pure cystine, 2.096 gm. —5.9 per cent correction = 
1.972 gm. Starting material, 2.031 gm., or if corrected according 
to 2.5 per cent decrease of original rotation, 2.031 gm. —2.5 per 
cent correction = 1.986 gm. The recovered substance was re- 
precipitated by neutralization with NH; from HCl solution and 
gave [aly = —237.3°, corresponding to a difference from the 
starting material of 1.9 per cent. 

These observations show that here is a system that dissolves 
more cystine per mol of acid than any dilute aqueous acid solution 
does. A study of the physicochemical literature on the newer 
developments in the conception of acids and bases (22, 23) gives a 
better understanding of these findings. If we compare a saturated 
solution of cystine, on the-oné hand in an aqueous “strong”’ acid 
and on the other hand in the strong acid HCIQ, in acetonitrile, it 
appears that in the aqueous solution less cystine is dissolved because 
of the basicity of HO which causes practically complete ionization 
of the strong acid. 


ClO.H + H,O — ClO, + H,O* (1) 


_ Thus the acid HCIO, is replaced by the acid H;O+. 


The isoelectric solubility of cystine may be represented, in ac- 
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cordance with the Zwitter Ion conception of amino acids estab- 
lished by Bjerrum (24) by the equilibrium 
+H,N COO- 
Cystine solid = R (2) 
*H,N COO- 
The extent to which cystine will be dissolved by an aqueous acid 
then depends essentially on the further reaction of the Zwitter Ion 
with H;0*. 


*H,N COO- *H,N COOH 

R + H,Ot = R + H:0 (3) 
*H,N *H,N COO- 
*H,N COOH *H,N COOH 

R + HOt = R + H,0 (4) 
*H,N *H,N COOH 


The extent to which the reactions of Equations 3 and 4 will 
proceed is determined by the relation between the proton-binding 
powers (i.e. basicity, according to Brénsted’s definition (23)) of 
H,0 on the one hand and 


+H,N COO- *H,N COOH 
R and R 
+H,N COO- +H,N COO- 


on the other. The solubility of cystine in aqueous acids then is 
practically independent of the individual acid used as long as we 
are dealing with one of the “strong” acids; i.e., those which are 
almost completely converted into H;0+ as represented by Equa- 
tion 1. 

Now finding that in the non-aqueous HCIQ, solution an amount 
of cystine equivalent to the HCIQ, is dissolved, we may conclude 
that the acidity of HCIO, is so much higher than that of H;O*+ and 
the basicity of CH;CN is so much lower than that of H,O, that in 
effect a complete proton transfer takes place from perchloric acid 
to cystine, 

*H,N COO- *H,N COOH 


R + 2HCIO, — R + 2 ClO,- (5) 
*H,N COO- *H,N COOH 
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neither HCIO, nor CH;CN-H* being stable in the presence of basic 
cystine ions. 

While according to the above experiments saturated solutions 
are quite stable, it was noticed that an excess of free HCIO, causes a 
decomposition to take place. These observations are summarized 
in Table III. 

The decomposition appears to be similar to that observed in the 
case of acetic acid solutions, with the difference that in the latter 
oxidation seems to take place more rapidly and begins before 
complete neutralization of the HClO, by cystine can be attained. 

Stability of l-Cystine in Presence of Excess of Hydrated Perchloric 
Acid—A solution 0.05 m in cystine, 0.2 m in HCIO,, and 0.53 m 
in HO, gave, in a 1 dm. tube, ag, = —13.63° and after 11 days 


TABLE III 
Cystine in Presence of Excess HCIO, 
Total HClO. Cystine Excess HCIO, Stability of solution 

0.1 0.042 0.016 Stable 

0.1 0.0375 0.025 15 days at 30°; a unchanged 

0.2 0.042 0.116 30 hrs.; half value of initial a 

0.3 0.042 0.216 Turns brown, precipitates within 
15 min. 

0.4 0.042 0.316 Turns brown, precipitates imme- 
diately 


a, = —13.66°. No acetic anhydride had been added. The ex- 
cess of perchloric acid, while leading to decomposition when it is 
anhydrous, does not affect the stability of the cystine solution as 
long as it is present in combination with water as in the commercial 
70 per cent HCIO, (about 1HCIO, + 23H,0). 

Solubility of -Cystine in Hydrated Perchloric Acid—10 cc. of a 
freshly prepared solution of aqueous HCIO, in CH;CN, 0.500 m in 
HCIO, and 1.3 m in H,O, were saturated with cystine by shaking 
for 18 hours. By weighing the excess cystine, 99.5 per cent of the 
equivalent amount was found to have dissolved. Similarly, the 
saturation of 200 cc. of a solution 0.400 m in HCIO, and 1.06 m in 
H;,O0 consumed 100.3 per cent of the equivalent amount. The 
presence of 2.5 mols of H,O per mol of HClO, does not prevent 
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completion of the dissolving reaction (Equation 5) between HCIO, 
and cystine. 

The picture then is that 2}H.O per molecule of HClO, prevent 
the oxidizing action of HClO, without preventing quantitative 
neutralization of cystine. We may assume the following equi- 
libria? in our solutions. 


2HCIO, = Cl,0, + (6) 
HCIO, + H,O = H,0* + ClO,- (7) 
2HCIO, + R(NH;*).(COO-), = R(NH;*).(COOH), + 2ClO,- (8) 


With small H,O concentrations, the basicity of HO then appears 
negligible compared with that of cystine, and HCIO, practically 
disappears from the reactions (Equations 6 and 7) in the presence of 
equivalent cystine. In the case of excess HC1O,, it depends on the 
H,0 concentration how far the concentration of free HC1O, will be 
reduced by the reaction indicated in Equation 7, which in turn de- 
termines the possible Cl,O; concentration according to Equation 6. 

Instability of Anhydrous Acetonitrile Solutions of Perchloric 
Acid—A summary of the solubilities of -cystine in various 0.1 N 
HC1Q, solutions in CH;CN, made anhydrous by addition of acetic 
anhydride, as was described above, at various periods after the 
solutions had been prepared, is as follows: 


Age of solution at 0°, days..... . © 11 2 2 3 83 0 2 B 
Per cent of theoretical amount 
of cystine dissolved........... 100 95 83 83 81 79 75 75 79 59 


The solutions were shaken, either for } to 1 hour by hand or for 24 
hours and longer by machine. In no case was the dissolved 
amount increased by more than 1 per cent by shaking longer than 
lhour. The solutions showed, on standing, a gradually increasing 
yellow color that disappeared on addition of some H,O. In the 
last case where only 59 per cent of the expected amount of cystine 
went into solution, a precipitate containing cysteic acid formed 
immediately after the cystine had been dissolved, similar to the 
reaction in the case of HClO, in acetic acid. This reaction, 
together with knowledge gained later about the reaction between 
acetonitrile and water in the presence of acid, points to the follow- 


* Regarding equilibrium (Equation 6) see Ephraim (25). 
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ing explanation. As H,O disappears from the equilibrium indicated 
by Equation 7, due to its reaction with acetic anhydride, HCIO, 
will dissociate according to Equation 6 with the formation of 
Cl,07, causing the reversible yellow color of the solutions, and of 
H;0+ by Equation 7. This causes a catalytic hydration of aceto- 
nitrile to ammonium acetate and neutralization of the ammonium 
acetate formed by HCIO, 


CH,CN + 2H,0* + 2Cl0,.- — CH,COONH, + 2HCI10, (9) 
CH,COO- + NH,* + HClO, — CH;,COOH + NH,* + ClO, (10) 


the net result (Equation 6 to Equation 10) being 
5HCIO, + CH;CN — 2Cl,0, + CH,COOH + NH,* + ClO, (11) 


i.e., decreased solubility of cystine caused by the disappearance of 
HClO, and increasing tendency toward oxidative decomposition 
caused by the accumulation of Cl,O;.' 

Stability of Dehydrated Acetonitrile Solution of l-Cystine Per- 
chlorate—To 200 ce. of an acetonitrile solution 0.400 n in HClO, 
and 1.06 m in H,0, and containing 100.3 per cent of the equivalent 
amount of cystine (cf. p. 471), the calculated amount of 90 per cent 
acetic anhydride was added, and the solution was made up to 400 
ce. (0.200 N) at 25°. [a], = —311°; after 1 day [a], = —310°; 
after 27 days, —303°; after 49 days, —300°. The solution had 
gradually acquired a very slight discoloration. Thus on adding 
the acetic anhydride after saturating with cystine, a comparatively 
stable solution results; the equilibrium shown by Equation 8 by 
being displaced to the right almost completely suppresses the 
reaction of Equation 6. 

Decrease with Time of Solubility of l-Cystine in Acetonitrile Solu- 
tions of Hydrated Perchlorié Acid—An acetonitrile solution, 0.500 N 
in HC1O, and 1.3 min H,0 (ef. p. 471) dissolved, immediately after 
preparation, 99.5 per cent of the equivalent amount of cystine. 
After 4 days another portion of the same HCIQ, solution dissolved 
only 87.5 per cent, while after 8 days the dissolving capacity had 
decreased to 81.5 per cent. There was no discoloration or sub- 
sequent decomposition in this case. The decreasing dissolving 


3 Just as in the case of H.SO, accumulation of the anhydride SO; increases 
the oxidizing tendency. 
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power for cystine in this case, 7.e. in the absence of acetic anhydride, 
is due to the reactions of Equations 9 and 10 alone, as will be shown 
in Paper II of this series. 

Reaction between Water and Acetic Anhydride—When and if our 
solution is a truly anhydrous one depends on the velocity of the 
irreversible (26, 27) reaction between acetic anhydride and water. 
It was noticed that if in the preparation of the mixture an excess of 
acetic anhydride was used, a pink to brown color was formed 
accompanied by a drop in the optical rotation. With an excess of 
25 per cent the rotation had decreased 10 per cent after 1 day. 
This reaction, which might involve acetylation and racemization 
(28), is mentioned merely as indirect evidence for a high degree of 
completeness of the anhydride-water reaction in our medium; if 
any considerable anhydride persisted, its reaction with cystine 
itself ought to become apparent by a change of color and optical 
rotation. A rapid rate of the acetic anhydride reaction seems 
likely according to the work of Orton and Jones (26) who found 
in the presence of a strong acid, an increase in the velocity constant 
of the hydration in glacial acetic acid of the order of 1000 times. 
In the case of a slow reaction rate the progress of the hydration 
might reveal itself by a change in the optical rotation or its tem- 
perature coefficient. The following experiment shows that no 
definite change was detectable over a period of 4 weeks. Similar 
evidence was obtained from a dilatometric experiment. 

Polarimetry of l-Cystine Perchlorate-Acetonitrile Solution—An 
acetonitrile solution whose initial composition was cystine, 0.0452 
mM; HClO,, 0.0938 m; H,O, 0.247 m; (CH;CO),0, 0.248 
CH;COOH, 0.0467 m was used. Table IV gives a summary of the 
polarimetric results, with average errors. The readings (for 
technique cf. (29)) extend over the interval of 20-30°. The first 
readings were taken 1 hour after removing the excess cystine which 
was 20 hours after the components were combined. 

Evidently there is no change in the temperature coefficient, 
beyond the limits of experimental accuracy, and no definite trend 
in the rotation values. The combined averages give [a], = 
—317° + 1° for the specific rotation and dla}q,/dt = +2.3° + 
0.2° for the temperature coefficient. 

Dilatometry of I-Cystine Perchlorate-Acetonitrile Solution—An 
acetonitrile solution approximately 0.1 m in HClOQ,, 0.05 m in 
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cystine, and 0.26 m in (CH;CO),.O was kept at 32.5° + 0.005° in a 
50 cc. dilatometer with a stem cross-section of 0.00238 sq. cm. 
The meniscus readings, reduced to 32.5°, are listed in Table V. 
The time is counted from the addition of the acetic anhydride. 
Calculated by the contraction of the hydration of acetic anhy- 
dride in water determined by Kilpatrick (27), the total contraction 
in our experiment would correspond to 16 cm. on the dilatometer 
scale. Apparently after 1 hour the reaction is practically over. 
The final proof for the completeness and rapidity of this reaction 


TABLE IV 
Optical Rotation of Cystine Perchlorate in Acetonitrile 


determina- 
ion Rotation at 25°, a” 
ture levels He He 
(ef. (29)) 
days 
0.04 3 0.052 + 0.004 —6.909 +0.01 
1 4 0.050 + 0.006 —6.85 + 0.005 
3 5 0.047 + 0.007 —6.865 + 0.005 
7 4 0.051 + 0.001 —6.89 + 0.005 
13 4 0.049 + 0.007 
26 4 0.050 + 0.002 —6.915 + 0.005 
TABLE V 
Dilatometer Readings 
NE Mi racnnteteae 52 | 54 | 56 | 58 | 60 | 62 | 64 | 66 | 72 
Meniscus, mm.......... 290 (286 
| 17 | 20 | 21 24 | 41 | 47 | 65 | 67 


Meniscus, mm.......... 271 .2|271 .8|271 9/272 2/272. 1|271 .8|271 .6|272.1 


indicating at least 99 per cent completeness within the 1st hour was 
furnished by a titrimetric method, which will be described in 
Paper II of this series. 
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q for the material aid given by Merck and Company, Inc., Rahway, 
+ New Jersey, who supplied /-cystine and acetonitrile of highest 
purity specially prepared for this work. 
4 SUMMARY 


In order to find a medium for the oxidation of cystine leading to 
compounds intermediate between cystine and cysteic acid the 
solubility of some cystine salts in non-aqueous solvents was 
studied. The main observations are: 

1. Cystine is soluble in methyl alcoholic HCl but undergoes 
spontaneous esterification therein. 

2. Cystine is soluble in solutions of perchloric acid in acetic acid, 
but undergoes spontaneous oxidation, leading to cysteic acid, in the 
solution. 

3. Cystine is soluble, in equivalent amount, in solutions of 
perchloric acid in acetonitrile. These cystine solutions are stable 
at room temperature. 

4. Cystine is oxidized by free HC1O, while it is stable in the pres- 

: ence of ClO,~ ion. 
, 5. The acid concentration of a solution of perchloric acid in 
acetonitrile, dehydrated by the reaction of water with acetic 
anhydride, decreases on standing. No such decrease takes place 
when cystine equivalent to the perchloric acid is added before addi- 
tion of acetic anhydride. A solution of perchloric acid and water 
in acetonitrile also decreases in acidity. The mechanism of these 
reactions is discussed. 
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THE COPPER CONTENT OF URINE OF NORMAL 
INDIVIDUALS* 


By I. M. RABINOWITCH 
Wits THE TECHNICAL ASSISTANCE OF ELEANOR V. Bazin 


(From the Department of Metabolism, the Montreal General Hospital, 
Montreal, Canada) 


(Received for publication, January 26, 1933) 


Chemical and spectroscopic analyses indicate that copper is a 
universal constituent of biological material and that failure to 
detect it in the past was largely due to the limitation of methods 
then available for its detection when present in minute quantities. 
It appears, also, that it is an essential element rather than a con- 
tamination. One would, therefore, a priori, expect that copper 
would be found in urine normally. 

Though copper may be an essential element of biological 
material, there is reason to suspect that exposure of the human 
body to excess quantities may do harm (1). It is, therefore, of 
more than academic interest to establish definitely whether copper 
is, or is not, invariably found in urine, for if it is, it is obvious that 
the differences between health and disease must be quantitative 
and not qualitative. An analogy is suggested in the experiences 
with lead. Formerly, the finding of lead in urine was regarded as 
diagnostic of lead poisoning. . With the development of more exact 
methods, we now know that the differences between health and 
disease are quantitative only. The purpose of this investigation 
was, therefore, to determine whether copper is invariably found in 
urine, and, if so, to what extent. 


Technical Methods 
Difficulties with respect to copper analyses in biological material 
have been repeatedly dealt. with elsewhere (2,3). For purposes 


* This work was done with the aid of a grant from Mr. Julian C. Smith of 
Montreal, a Governor of this hospital. 
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of brevity, therefore, this phase of the subject will not be con- 
sidered here. Suffice it to say that, with proper attention to 
details, it is now possible to estimate quantitatively as little as a 
few micrograms of copper with a fairly high degree of accuracy. 

In each of the following analyses, 100 cc. of urine were evapo- 
rated toafewcc. The organic matter was then oxidized with the 
aid of sulfuric, perchloric, and nitric acids as previously outlined by 
Ansbacher, Remington, and Culp (2). The copper was then 
precipitated as a sulfide. The latter was freed of impurities (iron, 
etc.), converted into copper nitrate, and finally dissolved in 10 ce. 
of water. When the conditions outlined by the above authors are 
strictly adhered to, the final solution is water-clear and neutral in 
reaction. To the aqueous solution were then added 10 cc. of 0.1 
per cent diethyldithiocarbamate and the colored copper-carbamate 
compound was extracted with amyl alcohol and estimated colori- 
metrically as recently outlined by McFarlane (3). 

A few preliminary tests indicated that the copper content of 
urine may vary widely. Since, as in colorimetric work in general, 
standard and unknown solutions should contain approximately 
the same amount of material, a series of standard copper solutions 
was prepared by serial dilution of a stock solution containing 
0.3928 gm. of pure crystals of copper sulfate (CuSO,-5H,O) per 
liter. The crystals were carefully selected so that they showed 
no signs of efflorescence. 

Because of the wide distribution of copper in nature and the 
minute amounts to be dealt with in analyses such as these, all 
precautions were taken to insure that reagents, glassware, and 
particularly water were copper-free. As was previously shown (2), 
tap water may contain as much as 100, and distilled water occasion- 
ally as much as 50 micrograms per liter. All water used in these 
analyses was triple distilled in an all-glass still, and evaporating 
dishes—a source of appreciable quantities of copper—were rend- 
ered copper-free as previously described (4). During evaporation 
of the urine and subsequent procedures (oxidation of organic 
matter, precipitation of the copper, filtration, etc.), all necessary 
precautions were also taken for the prevention of contamination of 
materials with copper. 

The sodium diethyldithiocarbamate was obtained from the East- 
man Kodak Company. 
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To determine the accuracy of the above procedures, a number of 
recovery experiments were performed and it was found that added 
copper could be recovered with a maximum error of 14.2, a mini- 
mum of 2.2, and an average of 6.8 per cent. Extreme errors were, 
however, met with only when the original samples of urine con- 


TABLE I 
Copper Content of Urines of Normal Individuals 

Urine No.| Volume Cover See Urine No. | Volume Cope 
ce. mg. mg. ce. mg. mg. 

1 1300 Trace | Trace 26 1225 0.38 0.46 
2 1550 0.23 0.36 27 3200 0.16 0.51 
3 1450 0.31 0.45 28 1550 | Trace | Trace 
4 950 0.17 0.16 29 1050 0.19 0.20 
5 900 0.41 0.37 30 1500 0.16 0.24 
6 625 0.38 0.23 31 1150 0.39 0.45 
7 1600 0.29 0.46 32 3200 | Trace | Trace 
8 1050 0.16 0.19 33 900 0.41 0.37 
9 1000 0.26 0.26 34 2700 0.18 0.49 
10 1550 Trace Trace 35 950 0.26 0.25 
ll 450 0.38 0.17 36 1525 0.11 0.18 
12 900 0.26 0.23 37 1450 0.16 0.23 
13 2300 0.20 0.46 38 1150 | Trace | Trace 
14 1200 Trace | Trace 39 1200 0.14 0.19 
15 1550 0.38 0.59 40 1300 0.26 0.34 
16 3200 0.22 0.70 41 1600 0.28 0.45 
17 1850 0.26 0.48 42 1600 0.31 0.50 
18 3120 0.18 0.56 43 3250 0.21 0.68 
19 1670 Trace | Trace 44 1050 | Trace | Trace 
20 800 0.19 0.15 45 1000 0.40 0.40 
21 3200 0.16 0.51 46 725 0.36 0.26 
22 2150 0.23 0.49 47 1050 0.16 0.18 
23 750 Trace | Trace 48 1000 | 0.28 | 0.28 
24 500 0.38 0.19 49 700 0.39 0.27 
25 700 0.25 0.17 50 1000 0.26 0.26 


tained very minute amounts of copper. Such errors may obvi- 
ously be reduced by using larger quantities of urine. 

The urines of 50 subjects were examined. All were hospital 
patients and the selection was random, except that histories were 
carefully taken in order to exclude cases in which there was any 
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suggestion of undue exposure to copper due to therapy, occupation, 
etc. The combined results are shown in Table I. It will be 
observed that the copper content of the urines ranged between 
traces and 0.41 mg. per liter and between traces and 0.7 mg. per 
24 hours. 

In Table II are shown daily variations of the copper content of 
urine of three individuals observed over a period of 10 days. 
These subjects were also hospital patients and also with no his- 
tories of any undue exposure to copper. It will be observed that 


TABLE II 
Daily Variations of Copper Content of Urines of Normal Individuals 
Subject 1 Subject 2 Subject 3 
Day 
ce. mg. mg. ce. mg. mg. ce. mg. mg 

1 1300 | 0.24 | 0.31 | 1500 | 0.18 0.27 | 1050 | Trace | Trace 
2 | 1350 | 0.31 | 0.42 | 1600 | 0.29 0.46 | 1000; 0.26 0.26 
3 900 | 0.18 | 0.16 | 1500 | 0.36 0.54 | 1550 | Trace | Trace 
4 | 1400 | 0.38 | 0.53 | 1400 0 16 0.22 750 og ” 

5 1525 | 0.27 | 0.41 | 1250; 0.11 0.14 | 1200; 0.31 0.37 
6 1600 | 0.19 | 0.30 | 1625 | 0.31 0.50 700 | Trace | Trace 
7 1450 | 0.37 | 0.54 | 1475 | 0.26 0.38 700 | 0.17 0.12 
8 850 | 0.40 | 0.34 | 1300 | Trace | Trace | 200; 0.31 0.06 
9 1350 | 0.33 | 0.44 | 1200 - - 600 | 0.39 0.23 
10 | 1475 | 0.26 | 0.38 | 1050 | 0.17 0.18 400 | 0.28 0.11 


the daily variations in each individual corresponded to those 
noted in the entire group. 

In two copper “balance” experiments in which the subjects were 
fed copper, the amounts found were 0.63 and 0.81 mg. per liter and 
0.84 and 1.01 mg. per 24 hours respectively. 


SUMMARY 


Copper appears to be a constant constituent of urine of normal 
individuals. The amounts found ranged between minute traces 
and 0.4 mg. per liter and between traces and 0.7 mg. per 24 hours. 
In two copper “balance” experiments in which the subjects were 
fed copper, the amounts were appreciably larger. 
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) In view of the wide-spread and increasing use of copper as a 
therapeutic agent and the possibility of copper poisoning, the above 
: findings are of more than academic interest, in that, in the inter- 
| pretation of urinary data, consideration must be given to the fact ‘ 
that the differences between health and disease are quantitative iy. 
and not qualitative. 
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THE DETERMINATION OF GLYCOGEN* 
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(From the Laboratory of the Jewish Hospital of St. Louis, St. Louis) 


(Received for publication, September 13, 1932) 


Pfliiger’s method for the determination of glycogen is time- 
consuming and tedious. Various workers tried to devise simpler 
procedures by eliminating the precipitation and purification of 
glycogen, while others attempted to improve various technical 
details of the Pfliger method. 


Acid Hydrolysis of Tissues 

Bierry and Gruzewska (1, 2) were the first to eliminate the 
precipitation of glycogen. In their method the tissue (liver or 
muscle) is first hydrolyzed with KOH, then autoclaved with acid; 
the fluid is treated with mercuric nitrate to remove nitrogenous 
substances, and in the resulting solution reducing matter is deter- 
mined by Bertrand’s method. It is assumed that the reduction 
represents glucose derived from glycogen. Subsequent workers 
omitted the treatment with alkali. They removed preformed 
sugar by extraction with alcohol, and subjected the tissue to acid 
hydrolysis by heating it in a water bath with 2.2 per cent HCl or 
n H,SO, for 3 or 4 hours. After precipitation with mercury salts 
the reducing matter in the liquid, expressed in terms of glucose, 
was considered to be the equivalent of the glycogen content. Our 
experiments, however, do not justify this assumption. 

Data presented in Table I show that the “‘sugar,’”’ obtained from 
tissues after acid hydrolysis and mercury precipitation, comprises 
in every instance non-fermentable reducing substances having no 
relationship to glycogen, and that the amount of these substances 
is sufficient to cause gross errors. The glycogen isolated by 
Pfliiger’s method, on the other hand, yields upon acid hydrolysis 


* This work was aided by a grant from the Selma Michael Fund.” 
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but negligible quantities, if any, of non-fermentable reducing 
matter. 

The experiments were executed as follows: In the first experi- 
ment, in order to secure homogeneous material, a batch of fresh 
muscle was cooked in boiling water, chopped, and thoroughly 
ground in a mortar. Four aliquots were weighed and used for 
comparative determinations. Sample I-a is the glycogen content 
determined by Pfliiger’s method, which we consider to represent 
the correct value; Samples 1-b, 1-c, and 1-d, were hydrolyzed with 


TABLE I 
Showing That Acid Hydrolysis of Tissues Produces Non-Fermentable 
Reducing Substances, Not Precipitable by Mercury 


The results are expressed in terms of glucose per 100 gm. of material. 


Total Non- |Fermenta- 
l-a Muscle | Pfliiger 0.609 0 0.609 
1-b _ 3 hrs. in H,O bath with | 0.851 | 0.155 | 0.696 
2.2 per cent HCl 
l-c xs 4 hrs. in H,O bath with | 0.873 | 0.158 | 0.715 
2.2 per cent HCl 
1-d " 4 hrs. in H,O bath with | 0.806 | 0.118 | 0.688 
n 
2-a ” Pfliiger 1.79 0.08 1.71 
2-b * Bierry-Gruzewska 2.53 0.75 1.78 
2-c bs 4 hrs. in H,O bath with | 2.63 0.76 1.87 
Nn H.SO, 
3-a Liver Pfliiger 1.47 0.034 1.44 
3-b <i Bierry-Gruzewska 0.918 | 0.279 | 0.639 


HCl or H,SO, respectively, as indicated in Table I. For the 
precipitation of nitrogenous substances West’s HgSO, method (3) 
was employed. When HCl was the hydrolyzing agency, NaHCO; 
was used for neutralization and correction was made for the effect 
of salt upon the reduction value. 

The material used in the second experiment was rabbit muscle 
repeatedly extracted with alcohol and ground in a mortar. A 
sample of the virtually air-dry and uniform powder was heated 
with 30 per cent KOH until a homogeneous liquid was obtained; 
an aliquot of this was used for glycogen determination by Pfliiger’s 
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method (Sample 2-a), another was neutralized and hydrolyzed with 
acid according to the Bierry-Gruzewska technique (Sample 2-b). 
A smaller sample of the ground muscle was hydrolyzed directly 
with H,SO, Samples 3-a and 3-b give the comparative deter- 
minations of liver glycogen, executed as for Samples 2-a and 2-b. 
(It should be noted that since the muscle in the first experiment 
was cooked in H,O and in the second experiment was extracted with 
alcohol, the analytical data are higher than would correspond to 
those of fresh muscle. ) 

Holmes and Gerard (4) and Kerly (5), aware of the presence of 
reducing matter other than sugar in solutions obtained by treating 
tissues with acid, propose to isolate the glucose by precipitation 
with copper and lime (Salkowski-Van Slyke). However, both 
Holmes and Kerly admit that the procedure entails errors ranging 
from +23 to —11 per cent, which is in line with experience in this 
laboratory. We may add, that, notwithstanding this inherent 
inaccuracy, the copper-lime precipitation is not specific for glucose, 
non-fermentable reducing substances being always included in the 
precipitate. 


Improvements in Pfliiger’s Method 

One cannot but arrive at the conclusion that Pfliiger’s still is the 
only adequate method for the determination of glycogen. Kahn 
(6) in 1922, by substituting centrifugation for filtration and wash- 
ing of the precipitate, circumvented the most tedious part of the 
procedure and made it possible to work with small quantities of 
material. In this paper we report the results of further efforts to 
speed up the method in its several phases. 

Duration of Alkaline Hydrolysis—Pfliger’s original directions 
call for 3 hours heating with, KOH. Subsequent investigations in 
his laboratory showed that this period can be substantially short- 
ened. We find that muscle or liver, with 2 cc. of 30 per cent KOH 
per gm. of material, is ready for precipitation with alcohol as soon 
as the mixture forms a homogeneous fluid. This stage is attained 
in 10 to 20 minutes. 

Concentration of Alcohol—Pfliiger’s directions require 2 volumes 
of 95 per cent alcohol per volume of alkaline liquid. Kahn used 
only 6 cc. of alcohol per 5 cc. of alkaline glycogen solution, while 
Lawrence and McCance (7) contend that an alcohol concentration 
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of 80 per cent in the mother liquor is necessary to insure the com- 
plete precipitation of glycogen. (This implies the use of 8 volumes 
of 95 per cent alcohol per volume of glycogen solution.) Again 
Cori (8) recently offered evidence to the effect that 2 volumes of 
alcohol are fully adequate for the purpose. 

Numerous experiments in this laboratory show, in accord with 
Kahn’s findings, that 50 per cent alcohol in the mother liquor, in 
the presence of electrolytes, is not less effective for the complete 
precipitation of glycogen than any of the higher concentrations. 
This holds true for known solutions of pure glycogen, as well as 
for precipitates in alkaline hydrolysates of tissues. In fact, in the 
latter case we find that higher alcohol concentrations prolong con- 
siderably the time for the separation of the glycogen and render it 
impossible to obtain clear mother liquor either by filtration or by 
centrifugation; whereas, no such difficulty is encountered when the 
alcohol content of the mother liquor is kept below 60 per cent. 
The probable reason for this phenomenon is that with excessive 
alcohol nitrogenous colloids separate out in the form of a tenacious 
suspension, which tends to withhold small amounts of glycogen 
from precipitation for several days. To this it can be attributed 
that we frequently obtain slightly less glycogen with 3 than with 
1.1 volumes of alcohol. 

Precipitation at low alcohol concentration proved to be of 
especial value when, in another study, the task of separating gly- 
cogen from dextrins was encountered. We found that dextrins, 
which in themselves were not precipitated with 3 and even 5 
volumes of alcohol, were partially carried down at 65 per cent, and 
completely precipitated at 75 per cent alcohol concentration, when 
at the same time glycogen was present in the solution. By de- 
creasing the alcohol concentration to 50 per cent, it became possible 
to remove from the mixture the glycogen alone. 

Time Required for Separation of Precipitate—Generally it is 
deemed necessary to allow the glycogen to stand overnight after 
precipitation. Some years ago one of the present writers observed 
that heating the alcoholic mixture to boiling after precipitation 
greatly enhances the flocculation of the glycogen (stated in 1926 in 
the mimeographed laboratory manual for students, Washington 
University School of Medicine). As examples given in Table II 
show, such treatment effects the complete separation of the precipi- 
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tate in the brief period necessary for spontaneous cooling to room 
temperature. Precipitates so obtained are of a more or less sticky 
consistency which, upon centrifugation, facilitates decantation and 
draining of the mother liquor. (The frequently encountered 
requirement that the glycogen precipitate must be white and 
flocculent has no merit from the analytical point of view.) 
Osterberg (9) in his micro-Pfliiger procedure, devised for work 
with 10 to 15 mg. of tissue, adds Na,SO, to the alkaline tissue 
hydrolysate prior to precipitation with alcohol. The sulfate is 
precipitated with alcohol and mechanically carries down the 
glycogen. Sahyun (10) proposes the addition of charcoal for the 
same purpose. In our hands the use of charcoal (norit purified 


TABLE II 
Glycogen Values Obtained by Two Methods of Precipitation 
Precipitated at | Heated to boiling 
Material analyzed room temperature | tentrifuged 
stand overnight | 
mg. mg 


with HCl) did not yield satisfactory results. Centrifuging the 
charcoal-glycogen mixture for 1 hour after precipitation, we ob- 
tained results 20 to 30 and even over 50 per cent too low. The 
losses were of the same order of magnitude with pure glycogen 
solutions as with KOH-treated muscle or liver. Whether or not 
destruction of glycogen occurs at one stage or another of the acid 
hydrolysis, we have not investigated. It is possible that the tenac- 
ity of adsorption alone is the cause of too low results, as we have 
observed that continued heating with acid of charcoal-glycogen, 
beyond 3 hours, yields gradually additional fractions of glucose. 
Characteristic of the firmness of adsorption is an experiment in 
which out of 20.2 mg. of glycogen, adsorbed on 0.4 gm. of norit, but 
7.5 mg. were recovered as glucose after heating with n H,SO, for 2.5 


q 
4 
i 
| 
4 
+ 
g 
ta 
g 
4 


490 Glycogen Determination 


hours. Subsequent hydrolysis for 1 hour yielded 2.6 mg. more of 
glucose. Elution with 0.1 nN NaOH at room temperature liberated 
only 0.6 mg. of glycogen out of 20.2 mg. adsorbed by norit. 


Analytical Procedure 


Charge a 15 ce. Pyrex test-tube with 30 per cent KOH, approxi- 
mately 2 cc. per gm. of tissue; stopper and weigh. Submerge the 
material to be analyzed in the KOH, stopper, weigh. Remove the 
stopper, immerse the tube in a boiling water bath, and when the 
tissue is in solution precipitate with 1.1 to 1.2 volumes of 95 per 
cent alcohol. Heat again until the mixture begins to boil, cool to 
room temperature, and centrifuge. Decant the mother liquor and 
allow to drain. The alcohol, still present, may be rapidly expelled 
by heating the tube for a few minutes in a water bath. For 
hydrolysis of the glycogen heat for 2 to 2.5 hours with 0.6 n HCl 
or N H,SQ,, using acid in amounts commensurate with the quantity 
of glycogen, which also should govern the volume of the final 
solution in which the sugar is to be determined. For sugar deter- 
mination copper reagents are preferable, since ferricyanide oxidizes 
to an appreciable extent some non-fermentable substances present, 
which with copper solutions show but negligible, if any reduction. 

In exceptional cases, when the total amount of glycogen is 
expected to be less than 1 mg., and the material under analysis is 
known to yield no appreciable amount of non-sugar reducing 
substances, the entire procedure is carried out in a single 25 200 
mm. Pyrex test-tube, such as is employed in the Shaffer-Hartmann 
sugar determinations. Upon centrifugation the smallest amount 
of glycogen is safely adhering to the bottom of the test-tube, so 
that no loss is incurred by decanting and draining the supernatant 
fluid. Add to the precipitate 2 cc. of 0.6 Nn HCl and provide the 
test-tube with an air reflux condenser during the hydrolysis. 
Neutralize with NaOH (a drop of phenol red may be added as 
indicator), bring the volume to 5 cc., add 5 cc. of Shaffer-Hartmann 
reagent, and proceed in the usual manner for the determination of 
sugar. (Correct for the effect of salt upon reduction.) 

On the other hand, when dealing with a large bulk of tissue in a 
glycogen determination, the simplest procedure is to dilute the 
alkaline hydrolysate to a definite volume and use aliquots for the 
rest of the analysis. 
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Some minor details of the procedure require a few words of 
comment. It will be noted that we use test-tubes instead of the 
conventional centrifuge tubes. The advantage of this becomes 
apparent when, for the precipitation of glycogen, thorough mixing 
of aleohol with alkaline hydrolysate must be affected. In a centri- 
fuge tube, stirring with a glass rod or inversion of the tube is almost 
inevitable; whereas, in a test-tube, gentle agitation accomplishes 
the mixing. 

Another departure from the customary procedure is that we use 
a 30 per cent instead of 60 per cent solution of KOH. The lower 
concentration has the advantage that it renders dilution with 
water before precipitation superfluous and thus permits us to keep 
the volume of the mother liquor low. This is especially desirable 
when the amount of glycogen is very small. 

Finally, when analyzing material not exceeding a few gm. we 
dispense with the preliminary heating of the KOH. Kahn and 
subsequent workers deemed it necessary to heat the KOH before 
the tissue was introduced, in order to arrest enzymatic destruction 
of the glycogen. Cori, however, found (8) that KOH is as effica- 
cious at room temperature as if hot, obviously due to the rapid 
penetration of the alkali through small pieces of tissue. 


SUMMARY 


Abbreviations of the Pfliiger method are described, which make 
it possible to perform the accurate determination of glycogen in a 
few hours. 

Lower alcohol concentrations than generally employed and 
application of heat for the precipitation of glycogen are shown to 
accelerate the procedure. 
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FACTORS INFLUENCING THE METABOLISM OF GLU- 
COSE INGESTED BY FASTING DOGS* 


By MARGARET DANN? anp WILLIAM H. CHAMBERS 
Wits THE TECHNICAL ASSISTANCE OF JAMES EVENDEN 


(From the Department of Physiology, Cornell University Medical College, 
New York City) 


(Received for publication, January 10, 1933) 


The production of “hunger diabetes’”’ provides a method of tem- 
porarily deviating the normal process of carbohydrate metabolism 
which has proved of value in extending our knowledge of the 
specific dynamic action of glucose (Lusk (2)). Recent studies 
from this laboratory of the amount of sugar oxidized during re- 
covery from fasting, as determined by observations in the res- 
piration calorimeter, have shown that the impaired glucose toler- 
ance in fasting dogs is due to a lack of carbohydrate oxidation (3) 
rather than to an absence of glycogen formation or to a deficient 
absorption of the glucose (4). The explanation is probably found 
in the work of Major and Mann (5), who have recently shown that 
glycogen formation from glucose may take place without insulin 
in the depancreatized dog. The injection of insulin in large 
amounts (6 units per kilo) in fasting dogs (3) caused only a partial 
recovery; thus it appears that a lack of insulin production, al- 
though of major importance, may not be entirely responsible for 
hunger diabetes. In a search for other possible factors involved, 
the method has therefore been used to study the effects of different 
foodstuffs in restoring the animal to the state of normal combus- 


* A preliminary report of a part of this work appeared in the Proceedings 
of the American Physiological Society (1). 

t Fellow under a grant from the Josiah Macy, Jr., Foundation, 1930-31. 

A part of the data in this paper has been taken from a dissertation pre- 
sented to the faculty of the Graduate School of Cornell University in 
partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy, May, 1932. 
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tion of glucose, as observed by Lusk in dogs receiving a standard 
diet (6). 

In the present paper tests are reported of the following food 
materials: c.p. glucose, cracker meal, wheat germ extract, maltose, 
and yeast extract. The earlier experiments indicated that com- 
plete recovery was not attained after 150 to 200 gm. of glucose 
alone. In the first part of the present study these results with 
pure glucose were extended to show that twice the amount stated 
above was no more adequate; whereas after short periods on a 
mixed diet of meat, cracker meal, and lard, the same animals 
responded to glucose with non-protein respiratory quotients of 
1.00 or over. This difference led to a consideration of the indi- 
vidual components of the diet. 

The decrease in glucose tolerance of subjects on a high fat and 
low carbohydrate diet is well authenticated by numerous older 
investigations which have recently been discussed and confirmed 
by Tolstoi (7). A few preliminary experiments with meat and 
with gelatin in fasting dogs (1), and also with a meat-fat diet, made 
it seem advisable to study first the carbohydrate portion of the 
diet, z.e. the cracker meal. 

The experiments described in the second section of the experi- 
mental part of this paper show that cracker meal was much more 
effective than pure glucose in restoring normal carbohydrate oxi- 
dation. According to the manufacturer’s analysis! the cracker 
meal (wheat flour and water) contained 81.9 per cent of carbohy- 
drate, 11.4 per cent of protein, and 1.1 per cent of fat, which is 
quite similar to the biscuit meal analyzed by Lusk in the early 
metabolism studies of the components of the standard diet (8) and 
found by him to cause in the normal dog approximately the same 
rise in respiratory quotient and in heat production as an equivalent 
amount of glucose. As one phase of the problem of the greater 
recovery value of the cracker meal, consideration was given to the 
possibility that it might contain a small amount of some essential 
food substance in the non-carbohydrate fraction of the flour. A 
commercial wheat germ extract, Vitavose,? was tested and yielded 
favorable results. However, it contained about 78 per cent of 
carbohydrate in the form of maltose and dextrins, and maltose 
itself was found to be almost as efficient as the wheat germ extract. 


1 National Biscuit Company, New York. 
2 E. R. Squibb and Sons, New York. 
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The Vitavose is also rich in the vitamin B complex,* which may 
be connected with carbohydrate metabolism, according to Funk (9) 
and others. Sherman and Smith (10) and Burack and Cowgill (11) 
have reviewed the somewhat conflicting evidence on the subject. 
Another section of the experimental work reported here therefore 
is concerned with the effect on glucose oxidation in the fasting dog 
of a substance containing a high concentration of vitamin B. 
Yeast Vitamine-Harris‘ was used, since Cowgill, Deuel, and Smith 
(12) showed that the sample of this product available to them had 
a vitamin B, potency 15 times that of Vitavose in maintaining 
appetite in dogs. A few experiments were tried on the combined 
action of the yeast extract and injected insulin to see if their respec- 
tive effects were additive, inasmuch as Mills (13) found that plant 
extracts containing vitamin B supplemented insulin in reducing 
the glycosuria in diabetic patients, and other investigators (Stucky, 
Rose, and Cowgill (14) and Collazo and Bayo (15)) have observed 
that insulin relieved at least temporarily some of the minor symp- 
toms in vitamin B-avitaminotic animals. 


Methods 


The experiments were performed upon mongrel female dogs. 
Each dog was fasted, except for water, for not less than 17 nor 
more than 31 days, during which it ran for about 9 or 10 half hour 
periods on the treadmill at 6 to 7 kilometers per hour. The length 
of fast was not sufficient to cause marked weakness in the dogs but 
was adequate to insure that the animals had reached the condition 
of hunger diabetes. The resting fasting metabolism was deter- 
mined, and for convenience is referred to in the text and in Tables 
I to IV and VI to VIII as “basal.” 

When the effect of a material other than pure glucose was to be 
tested the animal usually received it the day before the glucose 
experiment. The amounts of these preliminary doses are indi- 
cated in Tables III, IV, VI, and VII. Cracker meal and Vitavose 
were given mixed with small amounts of water, and the other 
materials in aqueous solution. The yeast powder for these experi- 


3 In this paper the terms ‘‘vitamin B complex’’ and “vitamin B” (with- 
out subscript) are used whenever no differentiation is intended between the 
antineuritic vitamin B, and the heat-stable vitamin G (vitamin Bz). 

‘ The Harris Laboratories, Tuckahoe, New York. 
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ments was analyzed and found to contain 7.3 per cent nitrogen. 
The powder dissolved in water did not reduce Benedict’s solution, 
but after hydrolysis with 2.2 per cent HCl and neutralization it 
was found to have a reducing power corresponding to 3 gm. of 
glucose per 10 gm. of yeast powder. The yeast concentrate prob- 
ably contains considerable nucleic acid as well as other nitrogenous 
extractives. In order to determine the rate at which the nitrog- 
enous products of the catabolism of the yeast concentrate were 
eliminated, the hourly nitrogen excretion of two dogs was studied 
for 7 hours following the administration of 10 gm. of yeast powder, 
about 40 hours after the previous food (standard diet). The chief 
increase in urinary nitrogen occurred during the first 4 hours after 
ingestion of the yeast concentrate; in one case the maximum was 
reached during the 2nd and in the other during the 4th hour. The 
night sample showed a return to the previous basal level. Out of 
0.727 gm. of nitrogen ingested only 0.34 to 0.45 gm. was recovered, 
the difference representing a retention of nitrogen. In these exper- 
iments with normal dogs no calorimeter observations were made, 
but three of the fasting dogs which received 10 gm. of yeast powder 
were placed in the calorimeter in order to determine the r.q. and 
the specific dynamic action of this amount of yeast concentrate 
alone (Table VI). 

The procedure for the glucose experiments was essentially the 
same as in previous calorimeter studies; 7.e., glucose was given 
(alone, unless otherwise stated) in approximately 30 per cent solu- 
tion in warm water. In several cases the metabolism was ob- 
served not only during the 2nd, 3rd, and 4th hours after glucose 
ingestion but also during later hours. Urine was collected by 
catheter for determinations of hourly total nitrogen by the Kjel- 
dahl method and glucose by the Benedict method. Blood was 
taken either from the saphenous or the antibrachial cephalic vein, 
or from the heart, for determination of glucose by the Benedict 
colorimetric method (16) after precipitation of proteins by the 
Somogyi method (17). 

The calculations of the respiratory metabolism have been de- 
scribed previously (3). With the exception of Tables I, III, and 
V, average respiratory data are reported for each experiment 
instead of data for individual hours. In the case of the glucose 
experiments the figures are the average of the 2nd, 3rd, and 4th 
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hours after ingestion except when otherwise noted; those for the 
“basals” and yeast powder experiments represent at least two 
hourly periods. 


EXPERIMENTAL 


Glucose—The transient nature of the complete inhibition of 
carbohydrate oxidation is illustrated in Table I. In accordance 
with a number of other experiments the first indication of glucose 
combustion after the ingestion of 50 gm. occurred about the 4th 
hour. The non-protein R.Q. reached a maximum of 0.80 in the 6th 
and 7th hours and then declined. Although over 1 gm. of glucose 
per hour was oxidized during the 6th and 7th hours, the blood sugar 
remained at the high level of 260 mg. per 100 cc. and the urinary 
excretion amounted to about 1 gm. per hour throughout the 8 
hours of observation. On the following day the blood sugar con- 
centration and basal R.Q. were again at the fasting level. 

A few days later glucose was administered in two 25 gm. por- 
tions. Hourly r.q. determinations showed a gradual improve- 
ment, reaching a maximum of 0.96 during the 3rd hour after the 
second 25 gm., 7 hours after the first dose of that day. The total 
excretion of 1 gm. of glucose was of the same order as on the 2nd 
day of sugar ingestion in the dogs previously studied (3). 

In the next series (Dog 68, Table II) the effect was observed of 
eleven portions of glucose of 25 gm. each, administered on 3 days. 
The average for each experiment is tabulated. None of the first 
25 gm. of glucose was oxidized during the time observed, as shown 
by the non-protein R.Q. of 0.70. With the smaller amount (25 gm.) 
the first evidence of recovered ability to oxidize glucose, to the ex- 
tent of about 0.5 gm. per hour, was seen in the period following 
the second dose, and a still further advance was indicated by the 
average R.Q. of 0.80 for the 3rd period, which ended 12 hours after 
the first dose was given. While the picture, as far as blood sugar 
and glucose excretion were concerned, was closely parallel to that 
of Dog 83, it is seen that the r.q. did not rise quite so rapidly. 

After a basal observation in which the r.q. had returned to the 
fasting level of 0.72, entirely consistent with those in previous 
experiments, there was another series of four glucose meals at 4 
hour intervals, the last three of which were followed in the calo- 
rimeter. In the first of these observations the amount of glucose 
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oxidized, 2.35 gm. per hour, calculated from the non-protein R.a. 
of 0.91, was slightly less than might have been anticipated after a 


TABLE I 


Metabolism of Fasting Dog before and after Glucose. Dog 83; Weight, 8.1 
' Kilos; Fasted 22 Days 


i i Calorie per br. | i Sugar 
ees 
2 
Experiment i 33 : 
mg. 
gm. gm. | | om 
ce. 
Basal 13 .83*|13 .92* 14| 47 
23 | Glucose | 50 | 2 14.25 |11.38 
3 14.41 |10.24 
4 15.21 |12.37 0.40) 278 


Average............. 49/0. .71|14.59 |11.33 |0.760.03| 4.23 


24| Basal 13.21 |10.78 * 60 
27| Glucose | 25/| 2 12.84 | 7.22 33 
3 13.45 | 8.40 0.66 
4 13.19 | 9.20 1.13} 255 
Average............ .00/0.79| 100/0.78/13.17 0.74 0.77 


27 | Glucose | 25 


14/0. 91/0.90)14.04 |12.09 0.83/2.09] 0.23 


* Some movement. 


total of 125 gm. of glucose, on the basis of the previous experiments. 
The next 25 gm. produced no further improvement, and that after 


eo 


i 
| 
€ 
§ 
6 |4.3610.80  0.80/14.47 |12.61 1.23 
7 |4.5810.80/  0.80/15.21 |13.13 1.16 
8 |5.1010.74| (0. 73/16.69 |13.04 0.32! 260 
82(0.78/15.48 |12.93 0.93; (3.75 
3 |3.7410.93 2612.80 10.95 2.41 
4 4490.87 (0.89/15.20 |12.71 2.32) 214 
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another 25 gm. of glucose was only slight. It was evident that the 
rate of recovery had become decidedly retarded. 4 days later 75 
gm. of glucose in three doses produced little if any improvement. 

The hypothesis that some intermediary extractive or nitrog- 
enous substance might be necessary for complete sugar combus- 
tion was tested by giving 1 gm. of Liebig’s extract with 25 gm. of 
glucose on the 30th experimental day. An augmentation of 
oxidation was entirely lacking. 

Since Dog 68 reached a maximum non-protein R.Q. of 0.95 after 
a total of 275 gm. of glucose, the experiments were repeated with 
larger amounts of sugar on Dog 85 (Table II). A total of 395 gm. 
of glucose ingested during 4 days failed to restore the normal condi- 
tion, although 50 gm. of soluble starch with 25 gm. of the sugar 
raised the non-protein R.Q. to 0.96. The dog was then given the 
standard diet for 3 days, after which it responded to glucose with a 
non-protein quotient of 0.99. 

The specific dynamic action of glucose (Table II), as in the 
experiments on Dogs 71 and 72 (3), generally increased with the 
progressive doses of sugar but did not appear to be proportional to 
the glucose oxidation. The data for heat production from Dog 83 
(Table I) are less valid because of movement during some of the 
experiments. 

Cracker Meal—The rapid recovery of ability to oxidize glucose 
after small amounts of cracker meal is shown in Table III. When 
50 gm. of cracker meal were eaten by Dog 86 on the 29th day of 
fasting only 1.76 gm. of glucose were excreted, as compared to a 
urinary loss of 8 to 15 gm. after glucose. The following day after 
the ingestion of 50 gm. of glucose no sugar was excreted and the 
non-protein R.Q. rose from a basal level of 0.70 to 0.91 the 2nd 
hour, 0.95 the 3rd hour, and 1.05 the 4th hour. The average non- 
protein quotient for 3 hours was 0.97. This was approximately 
0.10 higher than the average for the 2nd 50 gm. dose of pure glucose 
in the previous experiments on Dogs 71 and 72 (3) and on Dogs 83 
(Table I) and 68 (Table II). Similar results were obtained 3 days 
later with a 2nd 50 gm. test meal of glucose administered 19 hours 
after 50 gm. of cracker meal. The calorimeter observations were 
extended for an additional hour (Table III). Non-protein quo- 
tients of 1.00 or over for the last three periods indicated not only a 
maximum glucose oxidation but also a conversion of a small 
amount of carbohydrate into fat. 
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TABLE II 
; Effect of Glucose on Metabolism after Fasting 
3 
: Calories per hr Sugar 
A : 
i 
: Dog 68; weight, 10.5 kilos; fasted 22 days. Repeated 25 gm. doses of 
| glucose 
calo- 
22 | Basal 3.73/0.71| 34 |0.70/12.17 | 9.71 40 | 0 
23 | Glucose 4.14/0.72| 82 |0.70)13.43 |10.45 |1.26 |0 313 | 4.17 
4.53/0.75) 69 |0.74)14.88 |11.59 |2.71 |0.54) 210 | 5.00 
4.280.800) 56 |0.80)14.25 |12.14 |2.08 |1.14) 86 | 1.22 
24 | Basal 3.78|0.73) 29 |0.72)12.33 {10.73 0.15 0 
25 | Glucose* 3.96/0.90) 42 |0.91/13.55 11.94 |1.22 |2.35) 160 | 
4.24'0.89| 37 |0.89)14.49 |12.75 |2.16 2.31) 54| f 
4.40/0.93) 34 |0.94/15.21 |13.56 |2.88 |3.08) 76 | 0 
28 | Basal 3.72/0.74| 20 (0.73)12.23 | 9.37 0.26 0 
29 | Glucoset 4.61/0.91) 26 |0.92)15.91 |14.21 |3.68 |3.00 
'4.67|0.94) 30 |0.95)16.22 |13.79 |3.99 |3.45 0 
30 | Glucose and |4.29/0.90| 23 (0.91/14.73 {12.00 |2.50 |2.66 0 
Liebig’s ex- 
tract 


Dog 85; weight, 12.1 kilos; fasted 30days. Large amounts of glucose ingested 


30 | Basal 59 |0.73)14.10 {11.81 0.28) 0 
31 Glucose, 65t |6.43/0.81/119 § |1.79) 278 |15.63 

34t [5.51/0.91) 85 |0.93)/18.90 [20.68 |4.80 3.43) 152 | 5.77 
43t /4.92/0.91| 73 (0.92)16.85 |14.19 |2.75 |2.94 0 


34 25t /4.840.90) 95 |0.92/16.48 |15.84 |2.38 |2.75 
5. 95) 54 |0.96)19.26 [14.94 |5.16 |4.14 


* 2 hours only. 

t Dog vomited. 

¢t Amount retained in gm. 
§ Movement. 


The data from one of three other series of experiments with large 
amounts of cracker meal are shown in Table III. 200 gm. of glu- 
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TABLE II ‘ 
Effect of Cracker Meal on Metabolism of Ingested Glucose after Fasting ; 
i 3 | Calories per hr. 
Period ending | Experiment | | 5 33 
: 3 i 
Dog 86; weight, 4.9 kilos; fasted 29 days 

gm.| gm. mg gm. 

29 | 12.54 p.m. | Cracker | 50 1.76 

meal 

30| 1.07 “ | Basal 3.05)0.71| 9.92 |13.46 0 
1.26 “ Glucose 4 
3.26 “ 3.52|0.89| |0.91|11.93 |12.54 
4.26 “ 3.99/0.93| |0.95)13.67*|14.93* 
5.26 “ 3.25/1.00) |1.05)11.20 /12.88 
3. (0.941 80}0.97/12.31 |13.45 |2.39| 0 
32| 5.24 p.m. | Cracker | 50 5 
meal a 
33/ 12.11 “ | Basal 58/0.90| 9.88 |11.29 0 4 
12.29 “ | Glucose | 50 4 
2.29 “ 4.45)0.88 
3.29 “ 3.52/1.00) /1.04/12.31 /13.05 
4.29 « 3.7010.97| |1.00|12.87 |13.30 
5.29 “ 3.57/1.03| |1.07/13.28 /13.22 
Average (4 periods)......... 3.81/0.96| 59/1.03/13.22 |13.45 |3.34) 
(2nd, 3rd, and 4th hrs.)....|3.89/0.95 0.07 13.45 |13.49 % 
Dog 75; weight, 8.7 kilos; fasted 21 days ; 
21| 1.22p.m.| Basal |4.10/0.72| 56/0.71/13.36 |11.28 0 
22/ 5.13 “ | Glucose | 60 t 4 
23 | 10.25 a.m. | Basal 3.89/0.72| 31/0.71/12.74 | 9.62 0 q 
12.33 p.m. | Glucose | 50/4.71/0.91| 44/0.92|16.20 |14.70 |3.46| 1.08 
5.25 “ 21 
7.00 “ | Cracker 
meal 
24| 11.54.a.m. | Glucose | 40/4.78/1.03| 36/1.05|17.21 |14.82 |4.47| Trace 4 


* Movement. 
¢ Contaminated with vomitus. 


) 
4 
XUM 


502 Factors in Metabolism of Glucose 


cose were administered to Dog 75 but only 60 gm. were retained. 
The following day the average non-protein R.Q. of 0.92 for the glu- 
cose test was practically identical with those of Dogs 68 and 85 
after comparable amounts of sugar. 100 gm. of cracker meal were 
eaten at 7.00 p.m. About 18 hours later the non-protein quotient 
after glucose reached 1.05. Additional confirmation of the value 
of cracker meal in increasing carbohydrate oxidation was found in 
the experiments on Dog 84. After 200 gm. of glucose and 100 of 
cracker meal the non-protein R.Q. of the basal experiment on the 
following day was 0.99 and of the glucose test meal was 1.01. The 
increase in blood sugar concentration was very slight, from 61 mg. 
per cent before glucose to 74 afterward. 

Cracker meal had no apparent effect on the specific dynamic 
action of subsequent doses of glucose according to the comparison 
of the data from Dogs 86 and 75 (Table III) with similar glucose 
experiments (preceding section). 

Wheat Germ Extract and Maltose—The beneficial effect of wheat 
germ extract (Vitavose) upon the carbohydrate metabolism of Dog 
98 is shown in Table IV. After the first glucose ingestion, ac- 
companied by and following Vitavose, the oxidation of glucose 
amounted to 1.78 gm. per hour for the 2nd to 4th hours, inclusive, 
calculated from the non-protein quotient of 0.91. The glucose 
tolerance was nearly normal, as indicated by the fact that only 
1.46 gm. of sugar were excreted. Especially striking was the con- 
tinued rise in non-protein R.Q. to over 1.00 during the 4th and 5th 
hours after ingestion (Table V). A repetition of the Vitavose and 
glucose experiment on the following day showed an even higher 
average R.Q., with the same phenomenon of a non-protein R.Q. 
greater than unity in the last hour. 

The maltose experiments on Dog 104 (Table IV) served as a con- 
trol with respect to the carbohydrate present in Vitavose, since the 
amounts of maltose given were equivalent to the maltose and dex- 
trin content of the Vitavose portions received by Dog 98. A com- 
parison indicates that glucose tolerance was better after maltose 
than after Vitavose. The latter, however, was more effective in 
raising the r.Q., the contrast appearing very clearly when the indi- 
vidual hours (Table V) are considered. In the maltose experiment 
the maximum R.q. occurred in the 2nd hour after glucose ingestion, 
followed by a gradual fall, whereas after Vitavose the quotients 
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continued to rise in the later hours as in the cracker meal experi- 
ments (Table III). When maltose and glucose were given to- 
gether the same improvement in sugar tolerance was found (Dog 


TABLE IV 
Metabolism of Wheat Germ Extract and Glucose, and of Maltose 


ic action 


Non-protein 
Indirect 

Direct 

Specific dynam- 
Blood 


B Amount i 
per 
R.Q. 


Dec. 10 | Basal 8.38 55 
“ 14] Vitavose | 30 151 132 
“ 15 | Basal 9.72 

ucose 25 
“ 16)! Vitavose | 10 
Glucose 25 


3.68/0.91) 94/0.94/12. 54/11 84) 0 


& 


Dog 104; weight, 6.7 kilos; fasted 22 days 

Jan. 19 | Basal 4.3010.69| 63 
Maltese 1914.28 -79| 83]0.77|14. 12114. 67|0.10)0.72| 85| 0.53 
90| Basal 3.86|0.72| 


Maltose | 94 51/0.87| 83| 0 
Glucose 25 


Dog 106; weight, 8.3 kilos; fasted 20 days 
Jan. 25| Basal* 5.17/0.70 66) 0 


“ Maltose | 74) 0.42 
“ | |1.67| 45) Trace 


* Average of 4 hours. 
4 hours after first dose of maltose. 
t Considerable movement. 


104). The average non-protein R.Q. of 0.88 (January 20) was 
higher than that obtained with the second 25 gm. of either maltose 
or glucose alone. 


| 
Dog 7.7 kilos; fasted 27 days 4 
gm.| gm. mg. calo-| gm. 2 gm. 
XUM 
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Two 25 gm. doses of maltose (Dog 106, Table IV) resulted in 
non-protein quotients of 0.75 and 0.81, as compared to 0.70 and 
0.74 for glucose (Dog 68, Table II). Although more maltose than 
glucose was oxidized, the specific dynamic action of the disaccha- 
ride, 1.24 calories for the first 25 gm., was almost identical with that 
of the same amount of the monosaccharide (Table II). Less 
than 0.5 gm. of sugar was excreted, since the blood sugar values 
were low, falling to 45 mg. per 100 ce. 

Yeast Concentrate—The data for three of seven series of experi- 
ments involving yeast extract and glucose are presented in Table 
VI. The r.q. after 10 gm. of yeast powder alone, determined in 
three experiments (for 2 hours in Dogs 98 and 119 (Table VI), 
and 3 hours in Dog 102), was either 0.76 or 0.77, and the non- 


TABLE V 
Non-Protein Respiratory Quotients for Hourly Periods after 25 Gm. of Glucose 
98 | Dec. 15} Ist glucose + Vitavose /0.88/0.81/1.03)1.04 0.91/0.94 
98; “ 16] 2nd 
104 | Jan. 20} Ist maltose 0.94/0.90/0.85 0.88)0. 


protein r.q. was 0.74 to 0.76. The carbohydrate oxidized (pre- 
sumably derived from the yeast powder) was 0.46 to 0.57 gm. per 
hour. No glucose was excreted and only a slight rise in blood sugar 
took place. 

The basal metabolism on the day following the first administra- 
tion of the yeast concentrate was determined in Dog 102, and the 
heat production was found to be practically unchanged from the 
fasting level, the differences being less than half a calorie. The 
same was true in Dog 98 after Vitavose (Table IV). 

The most important result in this series of respiration experi- 
ments is the consistent advance in the r.q. after the first adminis- 
tration of glucose, either with yeast concentrate or on the day fol- 
lowing its ingestion. The six experiments in the present series 
showed quotients ranging from 0.81 to 0.91. The amount of glu- 
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cose oxidized was calculated to be between 1.58 and 2.01 gm. per 
hour. There was little difference between the effect of 4 gm. and 
that of 10 gm. of yeast powder except that in the experiments with 
the smaller dose there was a greater urinary output of glucose. 

A fact worthy of attention is the lack of correlation between the 
carbohydrate oxidation and the sugar tolerance after the first 
glucose. In the two experiments in which the blood sugar re- 
mained above 200 mg. per 100 cc. for 4 or more hours after glucose 
the R.q. determinations were not among the lowest but were 0.85 
and 0.91. As for the urinary excretion, this ranged from a trace 
to 14 gm. and bore no relation to the R.q. 

On the 2nd day non-protein r.q. determinations for three 
experiments (Dogs 101, 102, and 120) were 0.94, 0.86, and 0.91. 
The amounts of glucose oxidized per hour were calculated to be 
3.19, 2.35, and 4.46 gm., respectively. One dog excreted only a 
trace of glucose and the others 2.1 and 2.3 gm. The administra- 
tion of yeast powder was repeated on a 3rd day in Dogs 119 and 
120 (Table VI). Neither of these excreted any glucose. The 
non-protein R.Q. of Dog 119 was calculated to be 1.01. 

In the later experiments the yeast powder was administered 15 
to 20 hours before the glucose was given, so that all the “extra” 
nitrogen would be eliminated previous to the glucose test meal 
(Dog 120, Table VI, and Dog 125, Table VII). The yeast concen- 
trate proved to be just as effective when given in advance as when 
ingested with the sugar, since the non-protein r.q. determinations 
of Dog 120 for the 1st and 2nd days, 0.85 and 0.91 respectively, 
were very near the mean of all the experiments for each of those 
days. For the 3rd day the r.q. was 0.95, not so high as that of 
Dog 119. 

Experiments were not continued beyond the 3rd day, and there- 
fore the evidence is not conclusive as to whether or not yeast 
powder is capable of eventually restoring 100 per cent carbohydrate 
oxidation. 

Yeast concentrate alone, in 10 gm. doses, resulted in the produc- 
tion of 0.33, 1.73, and 1.91 extra calories in three experiments, the 
average being 1.32 calories. 

The specific dynamic effect of glucose with or after yeast powder 
was, in most cases, greater with each successive dose. There was 
no evidence of summation of the extra heat production due to the 
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yeast concentrate and that due to glucose in Dogs 98 and 119, but 
in Dog 101, first series, and Dog 102 there was somewhat greater 
increase in heat production after both the first and the second 
doses of yeast powder plus 50 gm. of glucose than was observed in 
experiments on other dogs in which glucose alone was given. 

The theory of Hawk (18) that repeated fasts create an “im- 
munity” in the dog has not been substantiated by the experiments 
on Dog 101 in so far as carbohydrate metabolism is concerned. 
In two similar experiments on December 29 (Table VI) and Feb- 
ruary 29 the r.q. determinations were 0.86 and 0.85, respectively, 
and the sugar excretion was 14 and 13 gm. Thus there was no 
indication of a resistance to hunger diabetes in the second fasting 
period. 

Insulin and Yeast Concentrate—In experiments previously 
reported (3) either 2 or 6 units of insulin per kilo, injected when the 
first 50 gm. dose of glucose was taken, caused a rise of R.Q. to about 
0.80. There was an increase in blood sugar to over 200 mg. per 
cent, with approximately 2 gm. excreted in the urine. After the 
third glucose meal accompanied by insulin the non-protein R.Q. 
averaged 0.98. In Table VII the data are given from a similar 
experiment on Dog 80, with 25 gm. doses of glucose and 2 to 3 units 
of insulin per kilo.® 

Inasmuch as yeast powder with glucose (Table VI) appeared to 
be somewhat more effective than insulin, experiments were under- 
taken to determine whether or not a summation of effect would 
occur when the three materials, glucose, yeast powder, and insu- 
lin, were given simultaneously. 

A very low glucose excretion, 0.36 gm., was observed when yeast 
concentrate was administered to Dog 102, together with 50 gm. 
of glucose and 5 units of insulin per kilo. A total r.q. of 0.90 was 
obtained, the non-protein r.Q. being 0.96. If the non-protein 
R.Q. of Dog 102 were calculated from the basal nitrogen of 0.104 
gm. per hour by the method of Ringer and Rapport (19) for 
nucleic acid, the value would be 0.92 instead of 0.96. Probably an 
intermediate figure of 0.93 or 0.94 is nearly correct. 

Dog 125 (Table VII) received 10 gm. of yeast powder 13 to 17 
hours in advance, but none accompanying the 50 gm. of glucose 


5 We wish to express our thanks to Eli Lilly and Company for their gen- 
erosity in presenting the insulin (iletin U-20) used in these experiments. 
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and 5 units of insulin per kilo. On the 1st day 4.03 gm. of sugar 
were excreted, but 4 hours after glucose ingestion the blood sugar 
had fallen to 42 mg. per 100 cc. Even lower blood glucose values, 
37 and 32 mg., were observed on the 2nd and 3rd days. On the 
3rd day glucose was oxidized at the rate of 5.48 gm. per hour. 
Within 2 hours after being removed from the calorimeter (6 hours 
after administration of glucose and insulin) the dog showed symp- 
toms of insulin shock, with a blood sugar content of 24 mg. per 
100 cc., and was restored by an additional 50 gm. of glucose per os. 
(It should be mentioned that Dog 125 had diarrhea and was the 
only animal which did not show a hearty appetite for both the 
yeast powder and the glucose solutions.) 

A third dose of glucose, plus insulin, after yeast powder suc- 
ceeded in producing the maximum R.q. of 1.04, not attained by 
yeast concentrate and glucose without insulin. From these two 
series of experiments it appeared that the combined effect of insulin 
and yeast concentrate was somewhat greater than that of either 
substance alone. 

Alcohol Checks—The accuracy of the calorimeter, as checked at 
frequent intervals by the usual method of burning alcohol, con- 
formed to the standards established in the “Animal calorimetry” 
series. 

DISCUSSION 


The persistence of low R.Q.’s (0.74 or less), indicating almost ex- 
clusive fat oxidation, even when the blood is flooded with a plethora 
of glucose absorbed from the gut, has been observed in dogs fasted 
for about 3 weeks. In the first part of the present study this was 
shown to continue for approximately 4 hours after the sugar inges- 
tion and to be only partly overcome during the later hours (Ta- 
ble I). Gradually, as glucose continued to be supplied, the propor- 
tion of the metabolism derived from carbohydrate rose until in 
some dogs it reached 90 per cent of the non-protein metabolism 
(R.Q. = 0.97), while in others a maximum was reached at 77 per 
cent (R.Q. = 0.93), after which the ingestion of glucose was con- 
tinued without appreciable effect (Table II). The rate of advance 
of the r.q. did not seem to be any more rapid when the glucose was 
given in 25 gm. portions than when the same amount was ingested 


in larger doses. 
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Of the various substances reported here, which were given before 
or with glucose, every one produced some degree of improvement in 
recovery of glucose oxidation over that found with glucose alone. 
Cracker meal was the most effective, since in each case the R.q. 
of the glucose test meal rose to 1.00 or over, although in two of the 
experiments there was a delay of an hour in reaching this value 
(Table ITI). 

Further evidence that the body recovered its carbohydrate- 
oxidizing power more rapidly with cracker meal than with glucose 
is found in the comparison of the R.Q.’s of the “basal’”’ metabolism 
determinations. The basal non-protein quotients were as follows: 
0.70 for Dog 86 (Table III) 24 hours after 50 gm. of cracker meal; 
0.90 after 100 gm. of cracker meal and 50 gm. of glucose during the 
3 previous days; and 0.99 for Dog 84 after 100 gm. of cracker meal 
and 200 gm. of glucose. In contrast to these high basal quotients 
after cracker meal are the low ones subsequent to approximately 
the same amounts of glucose alone. Dog 68 (Table IT) had basal 
non-protein quotients of only 0.72 after 75 gm. and 0.73 after 175 
gm. of glucose. The R.Q. of Dog 72 (3) following three daily doses 
of 50 gm. each was 0.77. 

These results are quite consistent with the earlier data from 
the experiments of Anderson and Lusk (20), in which dogs were 
subjected to 15 days of fasting and exercise, after which a standard 
diet containing 100 gm. of biscuit meal was given in two daily 
portions. The basal non-protein R.Q. on the following morning 
was 0.79. In the next 11 days of recovery these investigators 
observed average basal quotients of 0.97, 0.91, and 0.90. 

When the ability to utilize glucose had been fully restored, the 
energy of the resting body in the postabsorptive state was derived 
mainly from carbohydrate rather than fat, probably owing to the 
depleted condition of the fat stores. According to the data in 
Table VIII, compiled from our observations of basal metabolism 
during recovery from fasting, the preferential metabolism of car- 
bohydrate (non-protein quotients of 0.90 to 0.98) may continue for 
at least 3 weeks. There seemed to be no definite relationship be- 
tween the height of the r.g. and the degree of restoration of body 
weight. In five of six cases tested, fat formation from carbohy- 
drate was demonstrated in the first few hours after glucose inges- 
tion. Basal r.q. determinations up to 1.12 were reported by 
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Takahira (21) in Japanese subjects recuperating from fasts of 12 
to 30 days. 

Wheat germ extract was almost as effective as cracker meal in 
stimulating the oxidation of glucose subsequently administered, 
if one compares the hourly quotients in Tables III and V. None 
of the glucose ingested after cracker meal was excreted; whereas 
Dog 98 eliminated about 1.5 gm. in the first experiment of glucose 
with Vitavose (Table IV). Maltose had distinctly less influence 


TABLE VIII 
Basal Respiratory Quotients of Dogs Recovering from Fasts 
Weight of dog 

Days Mini Non- = 

Dog pre- | Maxi- 
before | and | per hr. 

fast | after 
fast | oY 

kg kg. kg gm. 
71 Feb. 13, 1931 29 28 15.4 | 10.2 | 10.5 | 0.95 | 2.88 
80 Jan. 9, 1931 24 3 SB 9.5| 5.3] 5.6] 0.95 | 2.61 
72 Mar. 6, 1930 22 6M 13.2 | 10.3 | 10.2 | 0.91 | 2.35 
71 Jan. 30, 1930 31 ey 15.4] 9.9] 9.1 | 0.90 | 2.72 
72 Mar. 10, 1930 22 10 “ 13.2 | 10.3 | 10.5 | 0.96 | 2.96 
71 Feb. 6, 1930 31 14 “ 15.4} 9.9| 9.5 | 0.93 | 2.75 
68 “« 16, 1931 22 18 8. 14.8 | 10.2 | 11.3 | 0.95 | 2.78 
68 * | 2a 22 19 “ 14.8 | 10.2 | 11.4 | 0.98 | 3.07 
98 Apr. 7, 1932 22 21 SB. 9.3| 7.0] 8.1 | 0.93 | 2.62 
75 May 1, 1931 22 62 8. 11.0} 8.5] 9.1 | 0.86 | 2.09 


*S. = standard diet; SB., standard diet and dog biscuit on alternate 
days; M., maintenance diet (100 gm. cracker meal, 50 gm. meat, and 20 gm. 
lard). 


on carbohydrate combustion than the other two food substances. 
The hypoglycemic reaction of the second 25 gm. was similar to 
that demonstrated in the normal human subject by Folin and 
Berglund (22), who found that a fall from 90 to 69 mg. per 100 cc. 
of blood followed the ingestion of 200 gm. of maltose. Deuel (23) 
showed that the rate of oxidation and specific dynamic action of 
glucose and maltose were the same in the normal individual. 
From our experimental data it appears that the two sugars may 
cause the same extra heat production in the fasted dog, although 
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the amounts oxidized may be quite different. It is perhaps sig- 
nificant that glucose, maltose, wheat germ extract, and cracker 
meal were found to be effective in restoring carbohydrate oxida- 
tion in the order of complexity of the carbohydrate part of each 
substance. Whether this relationship signifies a stimulation of 


the pancreas by digestive activity through a duodenal hormone > 


(Laughton and Macallum (24)) remains to be determined with the 
pure polymers of glucose. 

The yeast concentrate was somewhat better than maltose in 
improving glucose metabolism but not as good as the wheat germ 
extract. The rdéle of the vitamin B complex therefore was prob- 
ably a secondary one, since the restorative value of the three vita- 
min B-containing foods—cracker meal, wheat germ extract, and 
yeast extract—was in the reverse order to their vitamin content. 
However, the only fasting animal which exhibited the vitamin B, 
deficiency symptom of anorexia showed marked hypoglycemia and 
shock after insulin and glucose following yeast extract. The im- 
provement resulting from the yeast concentrate was greater than 
that after insulin injections, while the combined effect of yeast 
powder and insulin was greater than that of either alone. 

The experiments of Deuel (25) on the glucose tolerance of fasted 
phlorhizinized dogs suggest that the carbohydrate stores in the 
tissue are an important factor in glucose oxidation. In the longer 
fasting periods employed in our experiments this factor apparently 
diminishes in consequence, since after 200 gm. of glucose, more 
than one-half of which was retained in the body, the glucose- 
oxidizing power was less than that after 50 gm. of cracker meal. 


SUMMARY 


The inhibition of carbohydrate oxidation in dogs fasted for 
approximately 3 weeks was found to be complete for only about 4 
hours following the ingestion of glucose. The administration of 
almost 400 gm. of glucose alone during a period of 4 days failed to 
restore the normal carbohydrate metabolism, as judged by the 
R.Q. after a test meal of glucose; whereas: 50 gm. of cracker meal 
were quite as effective as the standard diet. 

Of the other food materials tested, wheat germ extract, containing 
dextrins and maltose, was second in recovery value to cracker meal. 
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The disaccharide, maltose, was intermediate between wheat germ 
extract and glucose. It is perhaps significant that the recovery 
response to the four substances was in the order of complexity of 
the carbohydrate portion of each. 

The specific dynamic action of these food substances was about 
the same as that of glucose and was exerted even when little or no 
carbohydrate was being oxidized, although it increased with the 
increase in combustion. 

Yeast concentrate accelerated the improvement in glucose 
oxidation to a greater extent than 2 to 6 units of insulin per kilo. 
A summation of the effects of insulin and yeast concentrate was 
obtained, which in one experiment was followed by a hypoglycemic 
reaction. It seems doubtful that the vitamin B complex had a 
primary part in the carbohydrate-oxidizing mechanism as studied 
in hunger diabetes, since the results with yeast concentrate, wheat 
germ extract, and cracker meal were not proportional to their 
vitamin B content. 


We wish to thank Miss Elizabeth Marquis for assistance with 
some of the calorimeter experiments. 
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IS BLOOD PROTEIN AMIDE NITROGEN A SOURCE OF 
URINARY AMMONIA? 


III. ON THE QUESTION OF SYNTHESIS OF PROTEIN AMIDES FROM 
AMMONIA* 


By EDWARD F. WILLIAMS, Jr., ann THOMAS P. NASH, Jr. 


(From the Department of Chemistry, University of Tennessee School of 
Biological Sciences, Memphis) 


(Received for publication, January 16, 1933) 


Synthesis of protein amides from ammonia has been proposed 
(Bliss (1)) as a tissue function whose demonstration is of cardinal 
importance to the development of the theory that blood protein 
amide nitrogen represents detoxified ammonia, first employed in 
tissues for neutralization of acid, in course of transport to the 
kidneys where the amide nitrogen reappears as urinary ammonia. 
Questionable increases in amide values of femoral venous blood 
following injection of ammonium carbonate into the companion 
femoral artery have been taken as demonstrating such a synthetic 
capacity, at least for muscle tissue (1). In our first paper (2) of 
this series, in which we rejected Bliss’ theory for other more con- 
clusive reasons, we reported a single experiment upon an ammonium 
carbonate-injected dog. While the observed changes in blood 
values in our experiment, as in Bliss’ similar experiments, appeared 
to us to fall within the limits of experimental error, or to. be suscep- 
tible of explanation other than in terms of Bliss’ theory, we an- 
nounced our purpose to study further and in greater detail this 
phase of the problem. Quite apart from any significance the fact 
might have for theories of ammonia metabolism, it is of interest to 
determine more precisely whether tissues may indeed condense 
ammonia upon the protein molecule and, as a corollary, whether 
the constitution of blood proteins is variable in this respect. 


* The data in this and other papers in this series are taken from a dis- 
sertation presented by Edward F. Williams, Jr., to the Committee on 
Graduate Study in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, University of Tennessee, September, 1932. 
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We have now completed a series of seven experiments upon dogs 
in which we have observed the protein amide values of plasma as 
well as whole blood after injection of ammonium carbonate into the 
femoral artery. 


Collection of Blood Samples and Technique of Ammonium 
Carbonate Injection 


Under amytal anesthesia the femoral vessels on both sides are 
exposed. Preliminary blood samples are taken simultaneously 
from artery and vein on opposite sides, in 25 cc. pipettes containing 
potassium oxalate and connected by short lengths of rubber tubing 
to 20 gage hypodermic needles. Arterial pressure is sufficient to 
expel blood into the pipette; venous blood is drawn with carefully 
regulated suction. Ammonium carbonate injection into the 
femoral artery on one side is begun 15 to 20 minutes after the 
collection of the preliminary bloods. The ammonia solution is 
admitted from a burette with a glass stop-cock through a short 
rubber connection to a 23 gage needle. Pressure in the burette is 
maintained through a connection at the top with a second burette 
tube which, in turn, is attached to a mercury leveling bulb. One 
operator holds the injection needle in the artery, while a second 
operator regulates the stop-cock. In this manner the rate of in- 
jection is controlled much more uniformly than is possible with a 
syringe, and with no leakage or hemorrhage around the needle. 
About } minute before injection is completed, collection of a blood 
sample is begun from the femoral vein on the injected side. Imme- 
diately upon completion of injection, and while the venous blood 
sample is still being drawn, collection of femoral arterial blood is 
begun on the opposite side. The collection time intervals recorded 
in Table I represent time elapsed between finishing injection and 
completing collection of the respective venous and arterial blood 
samples. One operator of the five required in this stage of the 
experiment records the various time intervals with a stop-watch. 
Each of the four blood samples has a volume of 15to 18 ce. In five 
control experiments (whose data are omitted for brevity) we have 
observed that a preliminary collection of 25 cc. of blood from the 
jugular vein of dogs as large as those we have employed is without 
determinable effect upon the values of whole blood or plasma in a 
second sample taken 20 minutes later, 
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Analytical Procedures 

All analyses of total protein were made in duplicate. Amide 
nitrogen values represent averages of results in triplicate. Non- 
protein nitrogen values for whole blood and plasma were deter- 
mined upon the combined mother liquor and washing of the protein 
precipitated by tungstic acid in the initial step of amide nitrogen 
estimation. Incidentally, this mode of determining the non-protein 
nitrogen serves as a desirable control upon the complete precipita- 
tion of protein, particularly in the plasma. In these several deter- 
minations the methods and technique described previously (2) 
were employed with only such modifications and variations as are 
indicated below. 

With whole blood, total protein nitrogen was measured in 1 cc. 
samples by a conventional macro-Kjeldahl titration technique. 
Except for Dogs 23 and 24, these quantities of blood were taken 
as aliquots of the same laked blood solution of which suitable 
portions were taken also for hemoglobin and amide nitrogen 
analyses. In the experiments upon Dogs 23 and 24 total protein 
nitrogen of the blood was determined in 10 cc. aliquots of the final 
alkali proteinate solution used for amide nitrogen analyses and 
prepared as follows: 5 cc. of whole blood were laked and precipi- 
tated by tungstic acid in a 50 ce. centrifuge tube, the precipitated 
protein was washed in the centrifuge, dissolved in sodium hydrox- 
ide, transferred to a 50 ce. volumetric flask, and made to volume. 

Plasma protein was determined for Dogs 15, 16, and 17 by 
a micro-Kjeldahl distillation-Nesslerization procedure (3) upon 
plasma so diluted with 0.9 per cent sodium chloride that the 
aliquots employed contained from 0.3 to 0.5 mg. of nitrogen. In 
the remaining four experiments, plasma protein analyses were 
performed by the macro-Kjeldahl titration procedure upon ali- 
quots of the alkali proteinate solution which also served for amide 
nitrogen determinations. Here, 5 cc. of plasma were measured 
into a 15 ce. centrifuge tube. After tungstic acid precipitation of 
the plasma proteins, washing, and dissolving the precipitate in 
sodium hydroxide, the volume was made to l5cc. Of this solution 
duplicate 3 cc. aliquots were taken for total nitrogen determination, 
and one 2 ce. portion and two 3 cc. portions for amide nitrogen. 

The only modification introduced into the amide nitrogen 
technique (except such variations in preparation of samples as have 
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TABLE I 
Effect of Ammonium Carbonate Injection upon Protein Amide Nitrogen in 
Whole Blood 
12 per cent ammonium carbonate (29.2 mg. of N per cc.) was injected into 
the femoral artery (20 mg. of N per kilo). Sodium amytal anesthesia was 
employed. All animals recovered except Dog 15, which died within a few 
minutes after the final blood samples had been collected. 


Femoral vein Femoral artery 
ce | | ce | | 
| $s | | ¢ #8 
Dog 15, female; weight, 15.6 kilos; fasted 15 hrs. 
min. mg. mg. mg. mg. mg. mg. mg. mg. 
Preliminary 27.8 | 3276 | 145.6) 710 | 29.6 | 3292 | 150.5) 731 
10.0 ce. in 4 min. 
3 36.2 | 3356 | 144.9) 690 | 34.8 | 3462 | 155.6] 719 
Dog 16, female; weight, 13.0 kilos; fasted 24 hrs. 
Preliminary 31.1 | 3421 | 142.1) 664 | 31.9 | 3402 | 146.2) 686 
8.9 cc. in 3 min. 
1h 58.5 | 3430 | 142.0) 662 | 33.0 | 3355 | 138.0) 658 
Dog 17, male; weight, 15.5 kilos; fasted 24 hrs. 
Preliminary 23.0 | 2602 | 120.0) 732 | 23.2 | 2577 | 116.9) 726 
10.6 cc. in 33 min. 
t 57.3 | 2653 | 121.0) 730 
1} 24.8 | 2636 | 120.2| 729 
Dog 20, female; weight, 15.5 kilos; fasted 24 hrs. 
Preliminary 25.8 | 2465 | 119.2) 773 | 26.2 | 2428 | 117.9) 777 
10.6 ce. in 3 min. 
4 51.2 | 2591 | 124.9) 771 
23 28.7 | 2652 | 125.1) 754 
Dog 21, male; weight, 14.5 kilos; fasted 21 hrs. 
Preliminary 25.4 | 2674 | 127.1) 760 | 25.3 | 2653 | 127.7) 769 
9.9 ce. in 3} min. 
1 65.4 | 2585 | 126.5) 783 
2 27.7 | 2572 
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TABLE I—Concluded 
Femoral vein Femoral artery 
Protein amide Postale, amide 
Dog 23, male; weight, 28.0 kilos; fasted 24 hrs 
min. mg. mg. mg. mg. mg. mg. mg. mg. 
Preliminary 19.3 | 2547 | 114.8) 722 | 19.7 | 2555 | 116.7) 731 
19.2 ec. in 43 min. 
3 46.0 | 2699 | 121.8) 722 
1} 22.5 | 2713 | 123.6) 728 
Dog 24, male; weight, 22.5 kilos; fasted 24 hrs. 
Preliminary 23.5 | 3077 | 130.8) 680 | 24.9 | 3081 | 135.5) 703 
15.4 cc. in 4 min. 
4 68.4 | 3091 | 138.4) 716 
2 27.5 | 3153 | 134.1) 680 


been described) was the use of an improved and more convenient 
aeration set, which will be described in a subsequent paper. The 
large quantities of ammonia in the venous plasmas obtained after 
ammonium carbonate injection (Table II) necessitated a slight 
excess of sulfuric acid in the tungstate precipitation of protein. 

The acid hematin method with the Newcomer (4) glass disc as 
color standard was employed for hemoglobin estimation. 

Plasma albumin and globulin values were obtained by Howe’s 
method (5). 

EXPERIMENTAL 

The experimental results summarized in Table I demonstrate 
convincingly that the average content of amide nitrogen in the 
proteins of whole blood is not affected by the transfusion of con- 
siderable quantities of ammonia through an extensive muscle area. 
In three of the seven experiments (Dogs 15, 20, and 23), in which 
apparent increases in the values of protein amide nitrogen per 100 
cc. of blood occur after ammonium carbonate administration, there 
are closely compensating increases in total protein concentration. 
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TABLE II 
Effect of Ammonium Carbonate Injection upon Protein Amide Nitrogen in 
Plasma 
The plasma samples correspond to the whole blood samples of Table I. 
Blood plasma 
Blood Postel. amide 
100 ce. tein | wn per Per 
100 ce. | 100 ce. 100 ec. | 199°, 
tein 
gm. gm. gm. mg. mg. mg. mg. 
15 Arterial, before | 13.72) 3.37 | 2.19 | 23.2 | 890 | 46.0 | 828 
Venous, “ 13.72) 3.56 | 2.00 | 24.2 | 886 | 46.1 829 
Arterial, after 15.34) 3.33 | 2.00 | 28.2 | 852 | 43.2) 811 
Venous, “ 14.35) 3.44 35.8 45.5 
16 Arterial, before 14.23 
Venous, “ 14.35) 3.73 | 2.86 | 20.8 | 1054 | 61.0 | 926 
Arterial, after 14.41| 3.71 | 2.96 | 22.3 | 1068 | 62.0 | 928 
Venous, “ 14.46) 3.68 | 2.81 | 46.4 | 1039 | 60.3 | 930 
17 Arterial, before 9.71) 2.67 | 4.26 | 15.0 | 1108 | 60.3 | 871 
Venous, “ 9.67| 2.76 | 4.25 | 14.8 | 1121 | 61.5 | 876 
Arterial, after 9.85) 2.75 | 4.09 | 16.6 | 1094 | 61.3 | 899 
Venous, “ 9.85) 2.78 | 4.25 | 47.4 | 1124 | 65.0 | 924 
20 Arterial, before 9.81 15.9 | 938 | 56.2 | 959 
Venous, “ 9.84 16.1 | 965 | 57.4 | 952 
Arterial, after 11.03 17.3 | 964 | 55.4] 919 
Venous, “ 11.00 36.3 | 1023 | 60.2 | 942 
Same, corrected 37.5 59.0 | 924 
21 Arterial, before 9.45 17.0 | 1065 | 62.0 | 931 
Venous, “ 9.45 16.9 | 1091 | 63.6 | 933 
Arterial, after 9.52 18.8 | 1044 | 60.7 | 930 
Venous, “ ft 9.52) 50.1 | 1086 | 67.4 | 992 
Same, corrected 52.1 65.4 | 964 
23 Arterial, before 9.02 11.3 | 1025 | 55.4 | 865 
Venous, “ 9.09 11.8 | 1016 | 57.2 | 900 
Arterial, after 9.84 14.5 | 995 | 55.8 | 898 
Venous, “ 10.08 35.6 | 1021 | 58.2 911 
Same, corrected 37.0 56.8 | 890 


* Globulin values include fibrinogen. 
t Hemolyzed, particularly in Dog 24. 
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TABLE I1—Concluded 
Blood plasma 
Blood take: N 
b on- 

100 ce. | per per N per Per Per 
100 cc. | 100 cc. 100 co. 100 ce. | 199 Se.  y 

tein 
gm. gm. gm, mg. mg. mg. mg. 
24 Arterial, before ll. 15.6 | 1118 | 65.5 | 937 
Venous, “ 11.79 16.1 | 1097 | 64.7 | 944 
Arterial, after 12.73 18.4 | 1083 | 64.7 | 956 
Venous, “ f 12. 57.0 | 1217 | 74.6 | 980 
Same, corrected 59.5 72.1 | 949 


Where such increments in total protein occur they may be cor- 
related with observed increases in hemoglobin concentration (cf. 
Table II). We shall not venture an explanation of the hemoglobin 
behavior, but call attention to the tremendous quantities of ammo- 
nia (cf. the non-protein nitrogen values) which enter the general 
circulation from the femoral vein and are demonstrable for some 
time in the arterial blood. 

In Table II are assembled the plasma values in order of cor- 
respondence to the whole blood data of TableI. It appeared to us 
that if muscle may attach ammonia to blood proteins by an amide 
synthesis, the proteins involved would be of the plasma and not of 
the corpuscles. Furthermore, if this process were a very limited one, 
it might be effectively masked in the whole blood by the larger con- 
centration of hemoglobin with respect to that of the plasma protein. 
Another possibility which might be disclosed from a study of the 
plasma alone is a shift in the relative concentrations of the several 
plasma protein fractions. It will be noted in the first three ex- 
periments of Table II that we undertook to determine the latter 
possibility by measuring the albumin to globulin ratios of the 
plasma. Since the results of these plasma protein partitions were 
not suggestive of any changes in plasma composition, similar 
analyses were not attempted in the later experiments. 

The plasma protein amide data of Table II are, as a whole, fairly 
confirmatory of the results upon the whole blood and support the 
conclusion that muscle does not dispose of ammonia by amide 
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synthesis. However, several discrepancies in these data must be 
cited. In three of the experiments (Dogs 17, 21, and 24) the 
uncorrected values of amide nitrogen per 100 gm. of protein in the 
venous plasma samples obtained after ammonium carbonate injec- 
tion exceed the preliminary venous values by differences which 
are larger than the probable average experimental error of our 
other results. It will be noted that these three exceptions are for 
plasmas which contained the highest concentrations of ammonia. 
It will be recalled, also, that in the preparation of proteins for 
amide nitrogen estimation, the proteins are precipitated in a 15 ce. 
centrifuge tube and washed once before being dissolved in alkali. 
Whereas, in using but 1 cc. of whole blood, a single washing after 
decantation of the mother liquor suffices to reduce even quite high 
initial non-protein nitrogen concentrations to negligible levels, 
when 5cc. of a plasma high in non-protein nitrogen are treated in the 
same manner, measurable quantities of non-protein nitrogen are 
not removed and, consequently, register as amide nitrogen. 

In the latter instance, the approximate degree of error which may 
thus be introduced into the amide values is calculable. When, for 
example, the initial non-protein nitrogen value of the plasma is 50 
mg. per cent, 5 cc. of such a plasma contain 2.5 mg. of non-protein 
nitrogen. In a 15 cc. centrifuge tube the precipitated protein dis- 
places a volume of between 4and 5cc. Assuming uniform distri- 
bution of non-protein nitrogen in the precipitate and supernatant 
fluid, about 75 per cent of the non-protein nitrogen is removed in 
the decanted mother liquor. Remaining in the precipitated 
protein is about 0.6 mg. of non-protein nitrogen, of which 75 per 
cent is removed in the subsequent washing. Thus roughly, 0.15 
mg. of non-protein nitrogen still remains in the protein. Since the 
alkali solution of the protein is made to 15 cc. volume, and 3 ce. 
aliquots are taken for amide nitrogen analyses, 0.03 mg. of non- 
protein nitrogen is measured as amide nitrogen and contributes to 
the latter value a plus error of about 5 per cent. In total nitrogen 
determinations this source of error is entirely negligible. 

We record with embarrassment our failure to take into account 
these obvious considerations until we had completed our series of 
experiments and calculated the later results. Long ago, when we 
began our study of the amide problem, we demonstrated that 
synthesis of protein amide from ammonia added as ammonium 
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carbonate to whole blood did not occur in vitro. In these early 
experiments from 50 to 100 mg. of added ammonia per 100 ce. of 
blood were recovered quantitatively in the combined mother 
liquor and single washing of the protein precipitated for amide 
nitrogen analyses. It will be recalled, however, that only / cc. of 
whole blood is thus employed in a 15 ce. centrifuge tube, the pre- 
cipitated protein packing to a volume of less than 3 cc. We quite 
failed to appreciate, in time to provide a second washing of the 
protein precipitate in venous plasma samples obtained after am- 
monium carbonate injection, the magnitude of the errors which 
might be introduced when 3 to 5 cc. quantities of plasma high in 
ammonia were employed. 

The calculated degree of error has now been checked experi- 
mentally. We have found that when 5 cc. of plasma are prepared 
for amide nitrogen determination in a 15 ce. centrifuge tube, for 
each 1 mg. of non-protein nitrogen per 100 cc. of plasma recovered 
after a single washing an average of 0.06 mg. per cent remains in - 
the precipitate. A typical analysis may be described. Duplicate 
5 ec. portions of plasma containing 38.6 mg. per cent of ammonia 
nitrogen added as ammonium carbonate were precipitated in 15 ce. 
centrifuge tubes. ‘The combined mother liquor and washings from 
the precipitates were Nesslerized directly in volumetric flasks. In 
one sample, with two washings, the recovered ammonia nitrogen 
represented 39.4 mg. per cent. In the second sample, with one 
washing, the recovery was 37.8 mg. per cent. A separate, second 
washing of the latter sample gave a further recovery of 3.0 mg. per 
cent. From these data it may be calculated that the average 
ammonia nitrogen recovery after one washing was 37.5 mg. per 
cent, and the average fartee recovery in a second washing was 2.3 
mg. per cent. 

Values corrected on the basis of the excess non-protein nitrogen, 
presumably due to ammonia nitrogen, are given in Table II for the 
venous plasmas obtained after ammonium carbonate injection of 
Dogs 20, 21, 23, and 24; 7.e., for those experiments in which 5 ce. of 
plasma were taken in the 15 cc. centrifuge tube. These results 
agree more satisfactorily with corresponding preliminary venous 
plasma values. 

Attention should be called to the high total protein value of the 
venous plasma in Dog 24 following the ammonium carbonate 
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injection. This unquestionably reflects the very extensive hem- 
olysis in this sample. In one other instance (Dog 21) we observed 
the hemolyzing effect of the injected ammonia. This phenomenon 
in itself suggests the improbability that normal tissue function 
might be invoked or detected under so drastic and abnormal 
experimental conditions. 

Comparison of values for whole blood and plasma discloses, 
consistently, the much larger concentration of non-protein nitrogen 
in the corpuscles. By contrast, the injected ammonia appears to 
be distributed uniformly in corpuscles and plasma. 


SUMMARY 


When ammonium carbonate is injected into the femoral artery 
of dogs, there is no significant change in the amide nitrogen values 
of the blood proteins. The hypothesis that tissues detoxify 
ammonia by combining it with blood proteins in the form of amide 
nitrogen is not supported by the experiments reported in this 
paper. 
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The discovery by Lundsgaard (1) of the inhibitory effect of 
iodoacetic acid on tissue glycolysis and yeast fermentation has 
aroused interest in the possibility of its use in controlling the ab- 
normally high glycolytic rate of the cancer cell. A knowledge of 
its mode of action is essential to progress in this direction. 

Lundsgaard believes that the iodoacetic acid acts by preventing 
the formation of phosphate esters. Yamasaki (2) supports this 
view, pointing out that the fermentation of hexosediphosphate by 
maceration juice is only slightly inhibited. Dudley (3) suggests 
that the inhibition may be due to destruction of glyoxalase, the 
action of which is strongly retarded by iodoacetic acid. Wald- 
schmidt-Leitz and his coworkers (4) have advanced evidence in 
support of the view that the inhibition is due to destruction of the 
sulfhydryl system. Finally, Barrenscheen and his coworkers (5) 
suggest that inhibition of glycolysis by iodoacetic acid and other 
substances, such as fluorides or oxalates, is due primarily to de- 
struction of coenzyme, and particularly of that portion of the co- 
enzyme complex represented by compounds of the type of adenylic 
acid pyrophosphate. 

Recently Zuckerkandl and Messiner-Klebermass (6) have re- 
ported that the addition of certain amines to yeast inhibited by 
iodoacetic acid produces a reactivation of fermentation. Thus, 
m- and p-phenylenediamine, tyrosine, and an aminothiotriazole 
were found to reactivate, while urea, alanine, dimethylaniline, 
and guanidine, among others, did not. They explain this effect 
by a theory similar to that of Barrenscheen; namely, that inhibi- 

525 


) 
XUM 


526 Effect of Amines on Poisoned Yeast 


tion involves the destruction of the adenylic acid pyrophosphate 
of the coenzyme complex. They suggest that the active part of 
this compound is the grouping, en the function of 


which is to remove the elements of water from hexose or hexose- 
phosphate, preliminary to the splitting of the latter into 3-carbon 
fragments. The function of the added amines then is to replace 
the active center of the destroyed coenzyme. It is assumed that 
only those amines which are readily converted into imines by 
hydrogen shift or oxidation will act in this process. In a second 
paper (7) these views are restated and a number of other triazole 
derivatives are indicated to be reactivators. 

The importance of these observations of Zuckerkandl and 
Messiner-Klebermass made it worth while to reinvestigate their 
findings and to obtain additional light on the validity of their 
hypothesis. Examination of their experimental method reveals 
certain possible sources of error. In their work, polarimetric 
estimations of loss of sugar with time were made in reaction mix- 
tures made up in general of 1 per cent glucose, 0.5 per cent sus- 
pensions of fresh bakers’ yeast, 1:5000 sodium iodoacetate, 0.1 to 
0.25 per cent amine, and an excess of calcium carbonate. The 
statement is made that it was found unnecessary to keep the 
medium at a definite pH. Lundsgaard (8) and Ehrenfest (9), on 
the other hand, have shown that the pH is of primary importance 
in studies of this type, and our own work confirms these observa- 
tions. Thus a 1:5000 concentration of iodoacetate, which at once 
produces complete inhibition in a 0.5 per cent yeast suspension 
at pH 4.5, has little or no immediate effect at pH 7 or above. In 
the higher pH range, the poisoning is a pronounced time reaction. 
In the second place, the use of calcium carbonate is attended with 
certain dangers. When added to a fermentation mixture simul- 
taneously with iodoacetate, only slight inhibition occurs, due to 
the raising of the pH to about 6.8 by the carbonate. When the 
latter is added after the iodoacetate, the degree of inhibition ob- 
tained depends upon the time interval between the two additions. 
It is obvious that unless all experiments are done in exactly the 
same manner, and careful controls are run, the results may be 
misleading. Finally it should be pointed out that the reactivating 
amines, m- and p-phenylenediamine, and p-anisidine, are highly 
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alkaline, producing a pH of above 7 in yeast suspensions, while 
the reactivators, tyrosine and aminothiotriazole, were employed 
in reaction mixtures made slightly alkaline with sodium carbonate. 
On the contrary, non-reactivating amines like urea, alanine, and 
glycine do not greatly change the pH of a yeast suspension, which 
remains definitely acid. 

On repeating these experiments under carefully controlled condi- 
tions, we have reached the conclusion that the reactivating effect 
of amines is not such in fact, but is due almost entirely to the pre- 
vention of inhibition by the alkalinity of the reaction mixtures 
used. Our detailed study was confined to two examples of reacti- 
vating amines, tyrosine and p-phenylenediamine, and two of the 
non-reactivating type, alanine and guanidine. Under similar 
conditions of pH, all of the amines studied behaved in the same 
manner. In an acid phosphate buffer (pH 4.5), complete inhibi- 
tion occurred almost immediately either in the presence or absence 
of amines. In phosphate buffer of pH 9.0, little or no inhibition 
occurred. In the absence of added buffer, tyrosine and alanine 
did not prevent inhibition from occurring almost immediately. 
Guanidine and p-phenylenediamine on the other hand, being more 
alkaline, allowed fermentation to proceed at the start even in the 
presence of iodoacetate. 

Several other factors which were not considered by Zuckerkandl 
and Messiner-Klebermass may enter into these reactions. Among 
these may be mentioned the destruction of glucose and of iodo- 
acetic acid by amines, the stimulating effect on fermentation ex- 
erted by tyrosine and alanine, and the toxicity of guanidine to 
yeast. These factors are considered in more detail in the experi- 
mental part. 


EXPERIMENTAL 
General Procedure 


The concentrations employed by Zuckerkandl and Messiner- 
Klebermass were followed as closely as possible. In general the 
reaction mixtures contained a 0.5 per cent suspension of fresh 
pressed yeast (Fleischmann) in 1 or 2 per cent glucose, together 
with appropriate amounts of other additions, such as phosphate 
buffer, washed calcium carbonate, iodoacetic acid, and amines. 
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For a series of comparative experiments, the same sample of yeast 
was used. The iodoacetic acid was neutralized (pH 7.0) with 
sodium hydroxide before use, and fresh solutions were frequently 
prepared. The reaction mixtures were suspended in a thermostat 
at 37.5°. At intervals portions were removed, filtered, and the 
loss of glucose determined polarimetrically, or, in the absence of 
amines, by the Bertrand method. The rate of CO, formation 
was measured at 37.5° by means of the Warburg manometric 
method. 2 cc. portions of the reaction mixtures were transferred 
to the manometer vessels and saturated with CO, by means of a 
stream of 5 per cent CO, in nitrogen. A second method was to 
place the sugar solution (20 per cent) or the sugar and the iodo- 
acetate in the side arm, and the rest of the reaction mixture in the 
main chamber. After saturation with CO:, the contents of the 
side arm were washed into the main chamber. The pressure 
readings which were then taken at intervals were converted into 
e.mm. of CO, by multiplication by the vessel constant. 

Effect of pH and Time on Inhibition—Fig. 1 shows the effect of 
pH and time on the inhibition produced by sodium iodoacetate. 
The rate of CO, evolution at various time intervals after addition 
of the iodoacetate was determined by the second manometric 
method described above. The final concentrations in a volume of 
2 cc. were 0.5 per cent yeast, 0.1 m phosphate buffer, 2 per cent 
glucose, and 1:5000 iodoacetate. Control fermentations in each 
buffer were run in the absence of iodoacetate. Since the rate in 
these varied only slightly during the 6 hour period, the control 
curve represents the average of the rates at 20 minutes, 2 hours, 
and 6 hours. 

At 20 minutes, inhibition is practically complete in the lower 
pH range, while above 7.5 there is no inhibition. At 2 hours the 
time effect has begun to show. The inhibition is now complete up 
to pH 6.0 while above 7.5 the effect has been slight. At 6 hours, 
even the higher pH range shows considerable inhibition. These 
results confirm and extend the findings of Lundsgaard and of 
Ehrenfest, and show the necessity for careful control of the pH in 
work of this type. It seems probable, as suggested by the latter, 
that the effect of pH is to change the permeability of the yeast 
cell toward iodoacetate. 

Effect of Calcium Carbonate—Table I shows the effect of calcium 
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carbonate on yeast treated with iodoacetate. The reaction mix- 
tures were made up as in the previous experiment, to contain 0.5 
per cent yeast, 2 per cent glucose, and 1:5000 iodoacetate in a 
volume of 2 cc. Washed, powdered calcium carbonate was added 
to these reaction mixtures (a) simultaneously with the iodoacetate, 
(b) 5 minutes after the iodoacetate, (c) 15 minutes after, and (d) 


x 


X= NO IODOACE TATE 


O=1:5000 IODOACETATE 


Fie. 1. Effect of pH and time on inhibition of yeast fermentation by 
1:5000 iodoacetate. 


30 minutes after. The values given in Table I represent c.mm. of 
CO, formed in 20 minute periods at definite intervals after the 
addition of the iodoacetate. The controls were made up in the 
same manner, except that one had no carbonate and the other no 
iodoacetate. 

It is evident from these results that the addition of CaCO; to a 
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fermentation mixture prevents to a considerable extent the in- 
hibitory effect of iodoacetate. Even when added 15 minutes 
after the iodoacetate, the rate of fermentation is from 35 to 70 
per cent of the control value without iodoacetate. The effect of 
calcium carbonate appears to be due to a prevention of inhibition 
because of increased pH, since similar results were obtained when 
phosphate buffer of pH 6.8 was used instead of carbonate. When 
the addition of carbonate is delayed for 30 minutes, no fermenta- 
tion is observed during the 1st hour. In this case, there appears 
to be a slight reactivation with time, which becomes quite appreci- 


TABLE I 


Effect of CaCO; on Inhibition of Fermentation by Iodoacetate (C.Mm. of CO, 
Formed in 20 Minutes at Intervals. IoAc = Iodoacetate) 


Controls Time between addition of IoAc and CaCO; 
loAc 0 min. 5 min, 15 min. 30 min. 
hrs. 
1 204 100 122 70 0 
2 218 157 163 134 35 
3 202 153 162 139 40 
4 181 138 139 123 42 
5 175 125 134 111 40 
6 165 119 126 94 38 
24 114 95 97 51 67 


*No CO: was formed in the control fermentation mixture to which no 
CaCO; was added. 


able in 24 hours. We have observed this effect of CaCO; a number 
of times, but have no explanation for it as yet. 

Effect of Various Amines on pH of Yeast Suspension—The pH 
produced by several of the amines used by Zuckerkandl and Mes- 
siner-Klebermass, when added in 0.1 per cent concentrations to a 
0.5 per cent yeast suspension whose original pH was 3.8, was deter- 
mined by the spot plate method. The values obtained are only 
approximate, but they show that the reactivating amines are also 
the highly alkaline ones, which may act by preventing inhibition 
from occurring. Thus tyrosine (dissolved in an equivalent amount 
of sodium bicarbonate solution), p-anisidine, and m- and p-phenyl- 
enediamine, all raised the pH to about 8.0. It will be recalled 
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that both tyrosine and the aminothiotriazole were used in solu- 
tions made slightly alkaline with sodium carbonate. Aniline, 
which produces an intermediate pH of about 7.0, was less effective 
as a reactivator. The non-reactivating amines, glycine, alanine, 
urea, and dimethylaniline, had comparatively little effect on the 
pH, increasing it from 3.8 to 5.5. The same was true for tyrosine 
in the absence of bicarbonate. Guanidine, although a highly 
alkaline substance, is classed as a non-reactivator. As shown in 
the next section, this is due to its toxic effect on yeast. 

Effect of Amines on Inhibition—In this series, the experiments 
of Zuckerkandl and Messiner-Klebermass were repeated under 
controlled conditions of pH. The amines studied were two reacti- 
vators, p-phenylenediamine and tyrosine, and two non-reactiva- 
tors, alanine and guanidine. By employing more dilute tyrosine 
solutions (0.1 per cent), the use of Na,CO; was avoided. The 
guanidine was added as carbonate. The reaction mixtures were 
made up to contain a final concentration of 0.5 per cent yeast, 1 
per cent glucose, 1:5000 iodoacetate, and 0.1 per cent amine. The 
reactions were carried out (a) in the absence of added buffer, (b) 
in 0.1 m phosphate buffer of pH 4.5, (c) in 0.1 m phosphate buffer of 
pH 9.0, and (d) in the presence of calcium carbonate. In every 
case the buffer was added before the iodoacetate. The rate of 
CO, formation and the loss of glucose were determined as before. 
The results are expressed in Table II as c.mm. of CO, formed in 20 
minute periods at intervals after the start of the experiment. The 
percentage of glucose lost in 24 hours is shown by the figures in 
parentheses. 

Examination of the CO, values in Table II shows that, in acid 
buffer, none of the amines has a reactivating effect. The inhibi- 
tion is complete just as in the absence of amines. When no buffer 
is present, the effect of the amines depends upon the pH which 
they produce. Tyrosine and alanine do not appreciably change 
the pH of the yeast suspension, and complete inhibition is obtained 
in their presence. On the other hand, p-phenylenediamine and 
guanidine produce a high pH and therefore fermentation proceeds 
for a time in their presence. After 4 hours, however, the activity 
has ceased. This is probably due to the low buffering capacity 
of the amines, the reaction mixtures becoming more acid as fer- 
mentation proceeds, until finally inhibition occurs. A second 
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factor in the case of guanidine is its toxicity to yeast. When this 
amine was added to a yeast-glucose fermentation mixture in the 
higher concentrations used by Zuckerkandl and Messiner-Kleber- 
mass (0.2 per cent), no fermentation occurred, the loss of glucose 
being wholly accounted for by reaction between amine and glu- 
cose. In the alkaline buffer, little or no inhibition occurs, as 
was to be expected. Guanidine is an exception, its toxic effect 


TABLE II 


Effect of Amines on Inhibition of Fermentation by Iodoacetate (C.Mm. of CO, 
Formed in 20 Minutes at Intervals) 


Buffer Time | Phenylene-| Tyrosine | Alanine | Gusni- 
IoAe | No IoAc 
None 0 161 12 0 141 0 191 
2 107 0 0 69 0 156 
4 4 0 0 0 0 99 
(33.3) (0.0)} (0.0) | (18.1) (0.0)} (100.0) 
pH 4.5 0 7 0 0 0 0 | 283 
2 0 0 0 0 0 208 
4 0 0 0 0 0 120 
(12.4) (0.0)} (0.0) | (2.9) (0.0)| (100.0) 
CaCO; 0 178 138 193 170 73 202 
2 172 172 232 112 101 179 
4 154 134 | 35 43 101 | 159 
6 142 12 7 5 80 132 
(92.4) | (56.2)| (50.5) | (27.6) | (52.4)| (100.0) 
pH 9.0 0 150 151 | 147 | 160 161 | 149 
2 137 176 157 98 168 161 
4 104 149 139 28 90 113 
6 81 100 83 0 58 70 
(96.2) | (100.0)) (96.2) | (44.8) | (100.0)| (100.0) 


The figures in parentheses show the per cent of glucose lost in 24 hours. 


causing the rate to fall off rapidly. In the presence of CaCO, 
all of the reaction mixtures containing amines and iodoacetate 
ferment more rapidly at the start than does the control with- 
out amine. This is accounted for in the case of p-phenyl- 
enediamine and guanidine by the higher alkalinity which they 
produce. In the case of tyrosine and alanine, another factor 
enters. In experiments not tabulated here, these amines were 
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found to have a marked stimulating effect on the rate of 
fermentation in the presence of CaCQOs, in acid buffer, in the 
absence of any buffer, but not in the alkaline buffer. A similar 
effect of alanine has been observed by Neuberg and Kobel (10). 
It is probable that this stimulating effect is exerted by these 
amines also in the reaction mixtures containing carbonate and 
iodoacetate, so that their rate of fermentation is considerably in- 
creased above the control value. This rapid fermentation causes 
the acidity to increase to such an extent that almost complete 
inhibition occurs in 6 hours, while the control without amine 
(but containing carbonate and iodoacetate) continues to ferment 
much longer at a lower rate. The net result is that at the end of 24 
hours, the loss of glucose is about the same either in the presence or 
absence of these amines. 


TABLE III 
Reaction Between p-Phenylenediamine and Iodoacetate (C.Mm. of CO, Formed 
in 30 Minutes) 
poo Time of reaction between amine and IoAc Control 
concentration but no c) 
3 hrs. 6 hrs. 24 brs. 

per cent 

0.125 29 193 266 302 

0.25 88 234 244 219 

0.5 118 175 161 171 


When a 0.5 per cent suspension of yeast is allowed to become 
thoroughly poisoned by standing for 1 hour in 1:5000 iodoacetate, 
the subsequent addition of 0.1 per cent of p-phenylenediamine 
does not restore its activity. The reactivating amines exert their 
effect only by preventing inhibition from occurring. In this con- 
nection it should be pointed out that, in the experiments of Zucker- 
kandl and Messiner-Klebermass, the amines were added when the 
reaction mixtures were prepared, and not after the yeast had be- 
come thoroughly inhibited. The combination of alkaline amine 
and calcium carbonate then maintained the pH sufficiently high 
so that little or no inhibition occurred. 

Reaction between Amines and Iodoacetate—Another factor which 
may play a part in these reactions is the destruction of iodoacetate 
by amines. Neuberg and Kobel (11) have shown that substances 
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like aniline, arginine carbonate, and alanine, do react with iodo- 
acetate. In cases where inhibition is delayed by the alkalinity, 
the iodoacetate may be destroyed by the amine, so that no further 
inhibition can occur. Table III shows that the reaction between 
iodoacetate and p-phenylenediamine is quite rapid. Sodium 
iodoacetate solutions were allowed to stand with varying concen- 
trations of the amine at room temperature. At intervals, por- 
tions of these solutions were added to a fermentation mixture of 
yeast, glucose, and acid phosphate buffer. The solutions were 
made up so that the final concentration of the iodoacetate (assum- 
ing that none had been destroyed) was 1:5000, and the amine 
concentration was that indicated in Table III. Since the rate of 
fermentation is cut down by higher concentrations of p-phenylene- 
diamine, control fermentations were run in the presence of the 
indicated concentrations of this amine. As shown, the longer the 
amine and iodoacetate are allowed to stand together before being 
added to the fermentation mixtures, the less is the inhibition pro- 
duced, and the closer do the values approach the controls. 


SUMMARY 


Evidence has been presented to show that yeast poisoned with 
sodium iodoacetate is not reactivated by the addition of certain 
amines, as reported by Zuckerkandl and Messiner-Klebermass. 
The effect which they observed has been shown to be due almost 
wholly to the alkalinity of the reaction mixtures employed, which 
prevented to a large extent the inhibitory action of the iodoacetate. 

Other factors which may exert an influence on the observed glu- 
cose disappearance in the presence of iodoacetate have been shown 
to be the destruction of glucose and iodoacetate by certain of the 
amines, and the stimulating or toxic effect of the latter on fermen- 
tation. 
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A NEW TYPE OF CONTINUOUS EXTRACTOR 


By RICHARD J. BLOCK* 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, January 27, 1933) 


The process of removing substances dissolved in one solution by 
another immiscible solution is probably as old as chemistry itself. 
The various types of extraction commonly employed are too well 
known to necessitate description. The drawbacks to these ex- 
traction methods are also so familiar that a brief summary will 
suffice. 

The discontinuous extractors are practical only with small 
volumes of solution and if the material to be extracted has a dis- 
tribution coefficient favoring the extraction. In the usual con- 
tinuous extractor heat is employed to vaporize the extracting 
solvent. The major difficulties with this type of extractor are 
destruction of extracted material by the long continued heating 
and the use of low boiling solvents with attendant large losses due 
to failure to effect complete condensation. If higher boiling sol- 
vents and reduced pressure are employed, an elaborate set-up or 
constant supervision is required to maintain a proper balance 
between rate of heating and amount of pressure. The continuous 
extractor in which heat is not employed is not often used in labora- 
tory practice because a rotary pump, rocking apparatus, and other 
elaborate equipment are required to circulate the extracting sol- 
vent. 

In order to eliminate these drawbacks, I have designed an ex- 
tractor, based on a novel principle, which should have wide appli- 
cation in all fields of chemistry. 


* Standard Brands Incorporated Fellow, 1932-33. 
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Principle 
The crude mixture is dissolved in an aqueous solution of sp. gr. 
1.25 or thereabouts. This density is achieved either by using a 
highly concentrated solution of the crude substance or by the 
addition of soluble inert substances such as sugar, glycerol, NaCl, 
etc., to raise the specific gravity to the required point. A water- 
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Fig. 1. A new type of continuous extractor. A indicates the top layer; 
B, middle layer; C, lower layer; D, stirrer; Z, coupling screw; M, motor; 
G, gear box; S, switch. 


immiscible solvent, or more commonly a mixture of organic sol- 
vents of sp. gr. 1.08 to 1.16, is stratified over the crude aqueous 
layer; then on top of the organic solvent, a dilute water layer of 
sp. gr. 1.00 to 1.04 is introduced. Thus we have two layers of a 
miscible nature separated by a middle layer immiscible with 
either. A stirrer is introduced to increase the extraction rate. 
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The wide uses of such an extractor are immediately obvious. 
However, I shall outline briefly some of the types of extraction 
for which it has been employed. 

Extraction of an Organic Base Which Is Highly Soluble in Water 
and Slightly Soluble in Organic Solvents—The lower aqueous layer 
is made strongly alkaline; the middle layer consists of a mix- 
ture of organic solvents, both of which dissolve the desired sub- 
stance as the free base but not as the salt. The upper layer 
contains sufficient acid (sulfuric, hydrochloric, etc.) to neutralize 
the free base as it comes through the middle layer and so con- 
stantly diminishes the amount of free base in the organic solvents. 
The whole operation is carried out in a cylinder 4 to 6 inches in 
diameter and the solution is stirred at the rate of 80 to 120 R.p.m. 

Extraction of an Organic Acid Which Has a High Distribution 
Coefficient Favoring the Water Layer—This procedure is carried out 
in the same manner as above except that the lowest layer is acid- 
ified with sulfuric acid and the upper layer alkalized. 

Extraction of Neutral or Amphoteric Substances with Low Solu- 
bility in Organic Solvents and Highly Soluble in Water—This is 
essentially a dialysis and theoretically cannot be carried to com- 
pletion. The procedure consists in bringing the top layer into 
equilibrium with the bottom with respect to the substance to be 
extracted. The top layer is then removed by syphon and fresh 
solvent added; this process is repeated as often as necessary. 

Extraction of Substances Soluble in Organic Solvents—Certain 
amphoteric substances with slightly basic properties form com- 
plex salts with acids, such as phosphotungstic, which are soluble 
in organic solvents, but these salts are easily decomposed by dilute 
aqueous hydrochloric acid. This reversible reaction has been 
employed to carry the amphoteric substance from the lower 
layer to the upper. 

This general type of extractor may be adapted to a variety of 
purposes. However, it is obvious that the following variables 
can be changed to meet the conditions of the experiment without 
altering the fundamental theory of the extractor’s operation. (1) 
Temperature: In the ordinary laboratory, extractions can be 
carried out over a wide range of temperatures by simply placing 
the whole or part of the extraction cylinder in the bath of the 
desired temperature. (2) Stirring: The rate of stirring is limited 
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by the tendency of the layers to mix and to form emulsions. We 
use speeds of from 80 to 120 r.p.m. (3) Size of vessel: The 
greater the surface of contact between the layers the more efficient 
the extraction. The size is limited by the amounts of material 
employed. (4) Depth of middle layer: This should be as thin 
as possible but for mechanical reasons a height of 2 to 4 inches is 
usually necessary. (5) Specific gravities: The greater the differ- 
ence between the specific gravities of the successive layers the 
greater the stability of the process. (6) Weighting materials: To 
increase the specific gravity of the lowest layer, materials must be 
used which will not decrease the solubility of the substance to be 
extracted in the organic solvents. For example saturation with 
NaCl interferes with the extraction of amino acids by butyl alco- 
hol-carbon tetrachloride mixtures. (7) Solvents: The number of 
permutations and combinations which can be employed defy de- 
scription. Some highly useful ones are CHCl;-EteO, CCL-Et,0, 
CHC1,-CCL-Et,0, petroleum ether-CCh, petroleum ether-CHCh, 
BuOH-CHC};, and BuOH-CCk. 

This general method of extraction (filtration, dialysis, or con- 
centration) should be capable of many modifications. Thus the 
number of layers could be increased, allowing successive purifica- 
tion; or substances highly soluble in organic solvents and only 
slightly soluble in aqueous solutions could be purified by using an 
aqueous middle layer, etc. 

Ezamples—At present, I do not propose to publish details of 
our experiments in which this type of extraction is employed. 
However, a very brief outline of some of the work in which we 
used the extractor might be of value. 

Extraction of Sarcolactic Acid from Meat Juice—Commercial 
meat juice was diluted to a convenient volume, acidified with 
sulfuric acid to pH 1, and divided into two equal portions. The 
first was extracted with ether in the Kutscher-Steudel apparatus 
for about 48 hours, the lactic acid being isolated as the zinc salt. 
The second portion of meat juice was extracted in the apparatus 
described above with ether-chloroform as a middle layer. After 
concentrating the aqueous upper layer, an amount of lactic acid 
equivalent to that obtained from the first portion was extracted 
after only 3 hours in the apparatus. 

Similar results were obtained in the extraction of citric and tar- 
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taric acids respectively from solutions contaminated with sugar 
and inorganic salts. 

Extraction of Vitamin B,—The chief drawback in the extraction 
by organic solvents of vitamin B, from alkaline solution is the 
large amount of solvent required to extract the vitamin (approxi- 
mately 10 cc. per international unit). In attempting to use the 
usual type of laboratory extraction apparatus, we found that it 
was impossible to extract more than 500 units per day (9 hours 
continuous extraction) of the vitamin from yeast concentrates. 
In contrast to this, we were able to extract about 250 units per 
hour, using petroleum ether-carbon tetrachloride as the middle 
layer. Starting with an aqueous extract of yeast, we were able 
to reduce the nitrogen per pigeon unit from about 200 mg. to 0.02 
mg. by this one operation. 


DISCUSSION 


There are three principal factors to be considered: (1) contact 
between the layers, (2) rate of stirring, (3) depth of the middle 
layer. 

Although, of course, the area of contact between the layers is 
limited by the volume of solutions used, the greater the area of 
contact, the more successful the extraction. Secondly, greatest 
possible rapidity of stirring is desired to increase the diffusion 
rate. However, we are restricted in this matter, first by the tend- 
ency of the solvents to form emulsions and secondly by an intimate 
mixing of the three layers. Finally, the depth of the middle layer 
is dependent on: (a) the rate of stirring, (b) the difference in the 
specific gravity between it and the other two layers, and (c) the 
tendency toward the formation of emulsions. In our experience, 
this last problem, the formation of emulsions, can always be 
eliminated by the employment of suitable solvent mixtures. 


SUMMARY 


A new type of continuous extractor is described, which can be 
operated over a wide range of temperatures, in which solvents or 
mixtures of solvents can be employed irrespective of their boiling 
points, and which permits easy recovery of all solvents employed. 
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STUDIES ON LEUCINE AND DILEUCINE HYDROCHLO- 
RIDE AND A NEW METHOD FOR THE ISOLATION 
OF LEUCINE* 


By HAROLD M. BARNETT 
(From the Research Division of S. M. A. Corporation, Cleveland) 
(Received for publication, November 28, 1932) 


During the concentration of a partially neutralized and decol- 
orized casein hydrolysate, an unexpected precipitation occurred. 
After recrystallizing from water and finally from 70 per cent alcohol 
it was identified as leucine. The hydrolysate from which the crude 
leucine was isolated had a pH of 2.2. Judging from the solubility 
of leucine as given by Sano (1), it seemed unreasonable that leucine 
should precipitate. A clue to the cause of the precipitation was 
given when it was observed that when washings from the newly 
isolated material fell into the mother liquor, a fine precipitation 
again took place. It was found that the NaCl in the hydroly- 
sate, formed by a partial neutralization of the HCl used for 
hydrolysis, had acted as a salting out agent. Pfeiffer and his co- 
workers (2, 3) showed that the solubilities of several of the amino 
acids are more or less decreased by the presence of various salts, 
but apparently no one has applied these observations to the devel- 
opment of new methods for the isolation of any of the amino acids. 

The ratio of nitrogen to chlorine in the crude precipitate was 
approximately 2:1, indicating either a mixture of leucine and 
leucine hydrochloride or a less commonly known compound, dileu- 
cine hydrochloride. Many years ago Schwanert (4) obtained such 
a compound by treating leucine with chlorine. Much more 
recently Takahashi and Yaginuma (5) prepared and analyzed 
dileucine hydrochloride and gave further proof for the existence of 
such a compound through an extensive study of the leucine-HCl- 
H.0 system. 

* Condensed from a thesis submitted to the Graduate School of the Uni- 


versity of Minnesota in partial fulfilment of the requirements - the 
Degree of Doctor of Philosophy, December, 1931. 
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Salting Out of Leucine at Different pH Values—In isolating more 
of the crude leucine compound it was found that the hydrolysate 
had a pH of 2.12 before concentrating to remove the leucine. 
After removal of the precipitate the mother liquor had a pH of 1.9, 
while some of the crude leucine in water showed a pH of 2.25. It 
was apparent that the material salted out did not have the same pH 
in solution as had the hydrolysate from which it came. It was 
considered possible, therefore, that there should be a pH region in 
which free leucine is salted out and another where dileucine hydro- 
chloride is salted out and possibly still another where leucine 
hydrochloride is precipitated. 

A series of salting out experiments at varying pH was carried 
out as follows: In each case 2 gm. of purified leucine were dissolved 
in 80 cc. of water and made up to 90 cc. by the addition of the 
desired amount of 2 N HCl or 2.n NaOH and the required amount 
of water. In order to obtain a point in the more acid range one 
solution was prepared by dissolving 6 gm. of leucine in 27 cc. of 2 
N HCl and making the total volume up to 90cc. After thoroughly 
shaking, two 5 cc. portions were removed from each flask for pH 
determinations. 

After adding 30 gm. of c.p. NaCl to each flask they were placed 
on a mechanical shaker at 25° + 2° for 36 hours. Upon standing a 
short time the leucine salted out rose to the top of the solution and 
the small amount of undissolved NaCl remained at the bottom of 
the flasks. The solids were filtered on a Buchner funnel. The 
residue in each case was divided into two portions, each was shaken 
with 10 cc. of distilled water, and pH determinations were made. 
pH determinations were also made on 10 ce. aliquots of the filtrate 
and the remainder of the filtrate was used for nitrogen determina- 
tions. 

The results of this series are plotted in Figs. 1 and 2. The pH 
was obtained in each case from an average of the two E.M.F. read- 
ings and the amount of leucine per 100 cc. of filtrate was calculated 
from the average of duplicate nitrogen determinations. In Fig. 1 
the pH of the precipitate (in water) and the pH of the filtrate in 
each case were plotted against the pH of the original solutions. 
As far as I am aware, this is an entirely new way of presenting data 
of this type. The interpretation offered is that when the curve 
formed by the pH of the various precipitates in water is in a 
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general horizontal direction, the same compound is salted out 
over that range, regardless of the pH of the original solution. 
In this curve there are two such ranges, one for leucine and one 
for dileucine hydrochloride. If leucine hydrochloride were as 
easily salted out as the other two compounds then there would be 
yet another flattening off of the curve in the still more acid range. 
Two other similar series of experiments under slightly different 
conditions gave curves almost identical with Fig. 1. 


@e@e pH of PPTS. IN WATER f 
pH of FILTRATES 
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pH of ORIGINAL SOLUTIONS 
Fig. 1. The salting out of leucine at varying pH by saturating the solu- 

tions with NaCl for 36 hours. 


Fig. 2 shows the solubility of leucine at varying pH after saturat- 
ing the solutions with NaCl for 36 hours at 25°. For a solubility 
curve it seems quite unique. It would appear that two solubility 
curves are represented, one for leucine and one for dileucine hydro- 
chloride, and that they run together over that pH range where the 
solution contains a mixture of these two compounds. It is of 
interest to note that both leucine and dileucine hydrochloride are 
more completely salted out than a mixture of the two. The results 
indicate that the best pH region for salting out is in that of dileu- 
cine hydrochloride at about 2.2 to 2.6. 
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For the sake of comparison, in Fig. 2 is also shown the solubility 
curve of leucine at varying pH as calculated from the data of Sano 
(1). It is of interest to note that, while the amount left in solution 
when salting out as leucine or dileucine hydrochloride is approxi- 
mately the same, the amount which would be salted out of a satu- 
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Fia. 2. The solubility of leucine and dileucine hydrochloride at varying 
pH in water (data from Sano) and after saturating the solutions with NaCl 
for 36 hours at 25°. 


rated solution in the pH range of dileucine hydrochloride would be 
much greater than by salting out a saturated solution of leucine. 
Dileucine Hydrochloride—The salting out experiments above 
show the same compound is salted out of a leucine-HCl-H,0 
system throughout the pH range of 1.6 to 2.6. The approximate 
ratio of HCl to nitrogen, the amount of HCl required to bring a 
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leucine solution to this pH level, and the experiments of Takahashi 
and Yaginuma (5), all seemed to indicate that the material salted 
out was dileucine hydrochloride. However, there still remained 
the possibility that some of the salting out agent was chemically 
combined with the dileucine hydrochloride. Especially might 
this be expected in the light of the work of Pfeiffer and coworkers 
(6-8) on the formation of complexes between amino acids and 
inorganic salts. 

An attempt was made to purify some of the crude dileucine 
hydrochloride but it was found that washing with water, even when 
adjusted to pH 2.4, caused the loss of some of the combined HCl. 
Then 4 gm. of purified leucine were dissolved in 80 cc. of water and 
7.5 ec. of 2N HCl. A pH determination on 5 ce. of the mixture 
showed 2.42. 25 gm. of c.p. NaCl were added and the mixture 
allowed to stand for 2 hours with occasional stirring. The material 
salted out was then filtered as dry as possible with suction. An 
analysis of the precipitate showed that it contained 2.2 gm. of 
water and 4.15 gm. of solids of which 0.745 gm. was NaCl. This 
closely corresponded to the theoretical NaCl content, as estimated 
from the mother liquor adhering to the precipitate, and left no 
reason to believe that any of the NaCl was combined with the 
dileucine hydrochloride. The dileucine hydrochloride in the pre- 
cipitate as calculated from the nitrogen content was 76.33 per cent 
and when calculated from a titration of the HCl was 76.28 per cent, 
thus again establishing the ratio of 2 parts of leucine to 1 part of 
HCL. 

Apparently no one has as yet proposed a theory as to the struc- 
ture of a compound made up of 2 molecules of a monoaminomono- 
carboxylic acid combined with 1 molecule of a monovalent acid 
such as HCl. The fact that washing, even with water of the same 
pH as the solution from which it is removed, easily removes the 
HCl and breaks dileucine hydrochloride down to free leucine shows 
how very unstable the compound is. However, the work of Tak- 
ahashi and Yaginuma (5) and the experiments of this investigation 
prove that such a compound does exist. 

It has been shown by Miyamoto and Schmidt (9) that a more 
acid amino acid, such as glutamic acid or aspartic acid, may unite 
with a basic one such as arginine to form a linkage as in ammonium 
acetate. It seems entirely possible, therefore, that a molecule of 
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leucine hydrochloride would be a strong enough acid to unite with 
a molecule of free leucine. If this is the reaction which takes place, 
then the structural formula for dileucine hydrochloride is 


NH:HCI 
(CH,): - CH - CH, - CH - COO - NH, 
| 
HOOC - CH - CH; - CH - (CH): 


New Method for Isolation of Leucine—Based upon the above 
experiments a simple and inexpensive method for the isolation of 
leucine has been developed. The leucine is first salted out as 
dileucine hydrochloride and from this free leucine is liberated and 
purified. 

Isolation from Casein—500 gm. of commercial casein (nitrogen 
13.69 per cent) were stirred into 1360 cc. of 20 per cent HCl heated 
to about 70°. After about an hour at this temperature the flask 
was attached to a reflux condenser and the contents boiled for 16 
hours. 

The hydrolysate was concentrated under reduced pressure to 
remove all free HCl possible. The thick residue was taken up 
with 2 liters of hot water and 190 cc. of 12 N NaOH added. This 
brought the pH to 2.40. The hydrolysate was then partially decol- 
orized by boiling a few minutes with 60 gm. of carbon, filtering, 
and washing the carbon-humin residue with hot water. Upon 
cooling the hydrolysate tyrosine crystallized rapidly. After stand- 
ing overnight the tyrosine was removed and washed. 18.1 gm. 
were obtained. By recrystallization from 3 liters of boiling water, 
12.8 gm. of high purity tyrosine were obtained. This yield com- 
pares very favorably with those reported by Marshall (10) and 
Cox and King (11) who prepared tyrosine from casein by longer 
methods involving enzyme hydrolysis. 

After separation of the tyrosine the hydrolysate was concen- 
trated to 900 cc. During the latter part of this evaporation pre- 
cipitation of both dileucine hydrochloride and NaCl took place. 
After standing overnight, the bulky precipitate was filtered by suc- 
tion and washed on the Buchner funnel with 300 cc. of 25 per cent 
NaCl solution. The crude product was then dissolved in 600 ce. 
of warm water, decolorized with carbon, and neutralized to methyl 
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red with NaOH solution. This liberated the less soluble free leu- 
cine, causing a considerable amount of it to precipitate. After 
cooling, this crop of crystals was removed and washed three times 
with water. The filtrate and washings were concentrated to about 
200 ce. and a second crystallization recovered and washed. The 
combined weight of the leucine was 34.5 gm. 

The leucine was further purified by dissolving, by boiling, in 4 
liters of 70 per cent methyl alcohol which was already saturated 
with leucine at room temperature. The alcoholic solution was 
decolorized with carbon. The leucine which precipitated upon 
cooling was filtered and washed with sufficient 70 per cent methyl 
alcohol to make the volume of the filtrate up to 4 liters again. 
28.1 gm. of purified leucine were obtained. Crystallized in this 
way, the leucine is in the form of thin, glistening, hexagonal plates. 
Melting point determinations in a Thiele tube with air slowly 
bubbling through the bath, showed melting with sublimation and 
decomposition at 314-315° (corrected). Other preparations of 
leucine were made from casein with similar results. 

Isolation from Wheat Gluten—In a similar manner leucine was 
isolated from commercial wheat gluten. The yield was 10.8 gm. 
of purified leucine from 500 gm. of gluten. The melting point was 
314° (corrected). The specific rotation was —9.75° and the nitro- 
gen content was 10.60 per cent (theoretical for leucine 10.69 per 
cent). 

SUMMARY 

1. The observation was made that when protein materials, such 
as casein and wheat gluten, were hydrolyzed with HCl, and the 
resulting hydrolysates were partially neutralized with NaOH and 
concentrated, one or more amino acids precipitated. Some of this 
material was purified and identified as leucine. 

2. The precipitation was found to be due to the salting out 
effect of NaCl. 

3. A series of experiments was carried out showing the salting 
out of leucine at varying pH levels. The pH of the individual 
precipitates (redissolved in water) and the pH of the filtrates were 
plotted against the pH of the original solutions. It was found that 
regardless of the pH of the original leucine solution, over the pH 
range of 8.0 to 3.4 the precipitate salted out was leucine. Between 
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pH 3.4 and 2.8 the material salted out was apparently a mixture of 
leucine and dileucine hydrochloride. In the pH range of 2.8 to 
1.7 dileucine hydrochloride was salted out. In amore acid medium 
than pH 1.7 the solubility had increased to such an extent that no 
leucine salted out of a 2 per cent solution. 

4. From the results of nitrogen determinations on the filtrates 
from the salting out experiments, a solubility curve for leucine in 
saturated NaCl solutions at varying pH was plotted. It shows 
that, although the salting out effect extends over a wide pH range, 
leucine may be most completely salted out as dileucine hydro- 
chloride at about pH 2.4. 

5. Determinations carried out on some dileucine hydrochloride 
which had been salted out with NaCl showed that the NaCl in the 
preparation was there as a result of adhering mother liquor and 
therefore not in chemical combination. 

6. A structural formula for dileucine hydrochloride is proposed. 

7. A simple and inexpensive method, based upon the salting out 
effect of NaCl, has been developed for the isolation of leucine from 
proteins. This new method has been applied to casein and wheat 
gluten and is thought to be adaptable to all proteins. 


The author wishes to express his sincere appreciation to Dr. R. A. 
Gortner, Chief of the Division of Agricultural Biochemistry, Uni- 
versity of Minnesota, and to Mr. W. O. Frohring, Director of 
Laboratories, and Dr. A. F. O. Germann, Director of Research, 
8. M. A. Corporation, for encouragement and helpful suggestions. 
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THE COMPOSITION OF THE URINE OF WHITE MICE 


By I. A. PARFENTJEV ann WILLIAM A, PERLZWEIG 


(From the Department of Biochemistry, Duke University School of Medicine, 
Durham) 


(Received for publication, December 23, 1932) 


In spite of the fact that white mice are common laboratory ani- 
mals, there are only a few scarce notes in the literature concerning 
the composition of their urine. One of the present authors (Par- 
fentjev (26)) had previously noted the presence of considerable 
quantities of protein in mouse urine. The present investigation 
was undertaken in conjunction with a more comprehensive study 
of the metabolic chemical processes involved in the development of 
mouse sarcoma. In this paper are presented the analytical data 
for the more important constituents of mouse urine together with 
a qualitative study of the protein found in it. 

The practical impossibility of collecting mouse urine under usual 
conditions obtaining for larger animals was recognized at the out- 
set. Mice never excrete more than 1 or 2 drops of urine at a time, 
which dry rapidly. Therefore, this study was limited to analyses 
of pooled urine samples obtained from twenty to 100 animals (2 to 
10 cc.) by the application of gentle massaging pressure over the 
bladder and direct collection of the urine in a test-tube. An 
ample supply of drinking water was kept available to the animals 
at all times to insure a copious urine flow. Only adult male mice 
were used in these experiments to avoid the complicating factors of 
age and particularly of the effect of the periodic estrus in females. 
The animals were fed an adequate diet consisting of whole wheat 
grain, oats, and bread. There were no evidences of nutritional 
deficiencies and the use of stunted or otherwise diseased animals 
was scrupulously avoided. 

While it is fully realized that the studies here presented do not 
attempt to give a complete quantitative picture of the daily excre- 
tion of the various constituents of mouse urine, it is hoped that 
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the data will be of value in offering some information concerning 


the average chemical composition of mouse urine, hitherto lacking 


in the literature. 
In Table I a summary is given of the average composition of 
mouse urine. 
TABLE I 
Composition of Urine of Normal Mice 
Method of 
analysis 
accordi No. of 
Compound to that y- Variation Average 
biblio- ses 
per cent per cent 
29 9 | 3.36-6.85 5.70 
21 10 | 0.61-1.42 0.92 
15 8 | 0.20-0.46 0.36 
28 3 | 0.26-0.29; 0.28 
Amino acid (as glycocoll)........... 14 3 | 0.07-0.12 0.09 
5 13 | 0.02-0.06 0.04 
Purine bases (as guanine)........... 8 1 0.01 
12 6 | 0.18-0.26 0.20 
Inorganic 80, as &............000s0 12 2 | 0.15-0.16 0.15 
” phosphorus as P.......... 20, 30 4 | 0.33-0.54 0.43 
ee ee 1 6 | 0.55-0.81 0.62 
Total base, m.-eg. per l............. 9 2 3810 
“ acidity of urine, m.-eg. per l...| 10 3 | 1520-2140 |1820 
24 11 |1.045-1.064; 1.059 


* Of the above thirty determinations of total nitrogen, twenty-six anal- 
yses varied from 3.7 to 4.5 per cent, average 4.2 per cent. 


In addition to the most important anomaly of protein excretion, 
which will be discussed later, the composition of urine of mice 
shows some other interesting phenomena: (1) Creatine is excreted 
regularly by adult mice to the extent of about 45 per cent of total 
creatine bodies; (2) the allantoin and uric acid figures confirm 
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the previous figures of Hunter and Ward (18) for the uricolytic 
index of the mouse; (3) the great concentration of the urine. The 
specific gravity varied between 1.045 and 1.064 at 30°, the average 
being 1.058. Undoubtedly the presence of about 1.5 per cent of 
protein and of the large concentration of urea and of salts ac- 
counts for this high specific gravity which approaches that of the 
urine of birds and reptiles. The high specific gravity is indicative 
of a great concentrating capacity of the mouse kidney and of the 
well known high rate of metabolism of mice. 

The nitrogen partition in mouse urine does not appear to be 
different in any striking respect from that in other mammals. Of 
the numerically more important constituents urea accounted in 
the average for 65 per cent of the total nitrogen, allantoin 8.7 per 
cent, ammonia 7.3 per cent, creatine and creatinine 1.7 per cent. 
The unusual protein component amounted to 6 per cent of the 
total nitrogen. 

Protein of Mouse Urine—The urine of normal mice tested over a 
long period of time was found to contain invariably remarkably 
large amounts of protein. This fact is immediately noticeable on 
application of the usual tests, boiling with acetic acid, precipitation 
in the cold with trichloroezetic acid, salts of heavy metals, etc. 

That the protein of mouse urine is not of the nature of serum 
proteins usually found in pathological conditions in man and in the 
higher mammals was shown by the following study. 

The protein was isolated by dialysis, aleohol precipitation, and 
purification by fractional precipitation at the isoelectric point. 

The isolated protein showed the following properties. Its 
isoelectric point as determined by maximum precipitation in 
citrate buffers (22), by the Michaelis method (23), is around pH 
3.4. The protein is soluble-in water, neutral salts, dilute acids 
and alkalies, and coagulates on boiling in dilute acid solution. On 
boiling the purified protein in neutral solutions and cooling, it 
sets to a gel similar to gelatin. On short hydrolysis with HCl, it 
yields inorganic sulfate and reducing carbohydrate groups. The 
protein gives the usual protein precipitation and color reactions 
with the exception of the Hopkins-Cole test (3) for tryptophane, 
indicating the absence of this amino acid. On the basis of the 
above findings it is highly probable that the protein belongs to the 
chondromucoid group. Owing to the lack of sufficient material, 
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however, chondroitinsulfuric acid has not yet been definitely iso- 
lated and identified in the hydrolysis products. 

Morner (25) believed that the chondroitinsulfuric acid derived 
from chondromucoid is a normal product of metabolism and that it 
is constantly present in traces in normal human urine. This view 
has been recently supported by Pincussen (27) who believes that 
the nubecule found in normal human urine contain chrondroitin- 
sulfuric acid, and that it originates from the mucosa of the intestinal 
tract. The fact that normal mice excrete this peculiar protein in 
such great concentrations, average 1.5 per cent, in the urine pre- 
sents a very interesting anomaly of metabolism. That the excre- 
tion of this protein represents a significant phase of metabolism of 
the mouse is further inferred from the previous observation by 
Parfentjev (26) of the gradual disappearance of the protein from 
the urine in the course of the growth of transplanted Crocker 
Sarcoma 180. This phenomenon is being investigated further. It 
may be added that the centrifuged sediment of several samples of 
urine has been repeatedly examined by Dr. Christopher Johnston 
of the Department of Medicine, to whom the authors express their 
thanks. These microscopic examinations never revealed any 
pathological elements such as casts or blood cells. Occasionally a 
few epithelial cells, fat globules, and calcium oxalate crystals were 
found. 


SUMMARY 


1. The urine of mice is highly concentrated, the average specific 
gravity being 1.058. 

2. The concentration of the more important nitrogenous and 
mineral constituents has been determined. 

3. A large concentration of a protein, apparently of a chondro- 
mucoid type, has been found and described. 

4. The urine of mice contains both creatine and creatinine. 
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NOTE ON THE PRECIPITATION OF SMALL AMOUNTS 
OF POTASSIUM AS POTASSIUM SODIUM 
COBALTINITRITE 


By ROGER S. HUBBARD 


(From the Buffalo General Hospital and the University of Buffalo, Buffalo) 
(Received for publication, February 6, 1933) 


Precipitation of potassium as potassium sodium cobaltinitrite has 
been one of the common methods used in determining small amounts 
of that element since 1920, when Kramer, and Kramer and Tisdall 
(1) described a technique by which the reaction could be applied 
to blood serum. This method has been studied by a number of 
investigators and modified in different ways; but all of the practi- 
cal and theoretical objections to its use have apparently not yet 
been overcome in a wholly satisfactory manner (2). 

The chief difficulty in the way of basing an entirely satisfactory 
analysis upon this reaction seems to rest upon the property which 
sodium and potassium possess of forming a series of double nitrites 
with cobalt; the precipitate formed seems frequently to be a mix- 
ture of different members of this series. This fact has made it 
necessary to adopt a value for the factor used in converting the 
nitrite determined into its potassium equivalent which does not 
correspond with accepted definite chemical relationships between 
the two substances. Furthermore, conditions under which the 
precipitation is carried out must be carefully standardized, and 
in many instances the conversion factor be determined for the 
particular technique used if accurate results are to be obtained. 

The author has found simple conditions under which, when 
potassium is present in amounts between 0.05 and 0.8 mg., a 
precipitate of apparently definite composition is obtained. Since 
the acidity of the solution can be varied within rather wide limits, 
he feels that the technique may be useful in determining small 
amounts of the element. The proportion between the potassium 
(controlled by using known amounts of pure K,SQ, dissolved in 
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water) and the nitrite (determined by titrating the dissolved pre- 
cipitate with permanganate) corresponds in his experiments with 
the formula K;NaCo(NOz)s, for the volume of 0.02 n permanganate 
used when multiplied by 0.13 gave the number of mg. of potassium 
present. This formula is one generally accepted as that of one 
of the particular members of this series of double salts (3). The 
relative concentrations of potassium, sodium, cobalt, and nitrite 
ions and the acidity of the solution were the factors which most 
markedly affected the composition of the precipitate. A number 
of different methods of regulating these factors was found which 
gave approximately theoretical results, and the following method 
was finally adopted as the most satisfactory one. 

To centrifuge tubes containing 1 cc. of a solution containing 0.05 
to 0.8 mg. of potassium there was added 1 cc. of a solution of 
sodium acetate (100 gm. of crystalline salt made to 250 cc. with 
distilled water) followed by 1 cc. of a sodium cobaltinitrite solu- 
tion described by Kramer and Tisdall (1). The tubes were then 
set in ice water for between } and 2 hours. Acid up to an equiva- 
lent of 0.1 ce. of concentrated HNO; did not affect the determina- 
tion, and it was not necessary to take any precautions in adding the 
reagent, as the latter could be dumped in very rapidly or added 
very slowly without affecting the results. After removal from 
the cooling bath the tubes were centrifuged. The precipitate 
was then washed two or three times, preferably with suitable 
organic solvents (acetone diluted with 3 parts of water was con- 
venient for the first, and pure acetone for subsequent washings), 
dissolved, and titrated with 0.02 n KMnQ,. Precautions essen- 
tially similar to those of Kramer and Tisdall (1) were used to pre- 
vent the loss of nitrous acid during titration. In a few instances 
the results were confirmed by colorimetric analyses carried through 
by the diazo technique recommended by Bell and Doisy (4). 

If desired, the potassium could be freed from interfering organic 
substances (5) by one of two methods. The washed precipitate 
first obtained could be treated with 0.1 ec. of concentrated HNO; 
on a boiling water bath and the potassium reprecipitated as de- 
scribed above, or the precipitate could be dried, a small crystal 
of Na,CO;-10H,O be added (anhydrous sodium carbonate did not 
mix well with the precipitate, and when solutions were used loss 
from bumping was usual) and an alkaline fusion be carried out. 
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After the latter procedure, the cobalt oxide was dissolved by the 
aid of heat in 0.1 ce. of a solution containing equal parts of concen- 
trated H,SO, and water, and the potassium reprecipitated as 
described. Either technique gave satisfactory recovery of po- 
tassium, and the alkaline fusion removed large amounts of organic 
compounds and ammonia added to the fusion mixture. 

Results obtained by this technique upon amounts of potassium 
greater than 1 mg. were rather unsatisfactory. One cause of this 
was the difficulty experienced in washing and manipulating the 
large amount of precipitate obtained. If amounts less than 0.05 
mg. were present, precipitation took place very slowly, and ap- 
parently was complete only after several hours in the cooling 
bath. In standardizing the method under various conditions, 
amounts between 0.05 and 0.8 mg. were precipitated as described 
between 500 and 1000 times with very satisfactory results. De- 
viations from the mean as great as 2 per cent occurred very rarely, 
and could be explained in almost every, if not in each, instance by 
marked variations introduced into the technical procedure for 
experimental purposes. 

Although the formule of the different compounds of sodium, 
potassium, cobalt, and nitrite ions are much alike, it seems almost 
certain that the slight deviations from the calculated value, met 
with only very rarely, could more properly be attributed to tech- 
nical errors rather than to variations in the composition of the 
precipitate; and therefore, that, for the range of potassium values 
described, a precipitate of constant theoretical composition is 
given by this method. 
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A NEW COLORIMETRIC METHOD FOR THE QUANTITA- 
TIVE ESTIMATION OF SMALL AMOUNTS OF 
POTASSIUM* 


By ALBERT E. SOBEL anp BENJAMIN KRAMER 


(From the Pediatric Research Laboratory, The Jewish Hospital of Brooklyn, 
New York) 


(Received for publication, September 24, 1932) 


There are a number of methods for the quantitative estimation 
of small amounts of potassium. Some of these are suitable for the 
determination of this element in serum. In the majority of the 
methods advantage is taken of the extreme insolubility of the 
potassium cobaltinitrite compound. The amount of potassium 
may then be determined indirectly by colorimetric, volumetric, 
or gasometric determinations of the nitrite. However, determina- 
tion of the more stable cobalt offers theoretical advantages. 
Several micromethods have already been developed in which use 
of the colorimetric reactions of cobalt has been made for that 
purpose. 

Leberman (7) precipitates and washes according to the Kramer- 
Tisdall technique (5), decomposes the cobaltinitrite with concen- 
trated hydrochloric acid, and compares the color against a series 
of similarly treated potassium standards. This can be regarded as 
a method of approximation. Takahashi’s (10) method is based 
on the fact that a dark brown color is developed when potassium 
cobaltinitrite previously dissolved in acid is treated with ammo- 
nium sulfide. Yoshimatsu (11) uses 1 cc. of serum, precipitates 
and washes as did Kramer and Tisdall (5), dissolves the precipitate 
in nitric acid, and reduces the resulting product with dimethyl- 
glyoxime and sodium sulfide. 


* Partially presented before the Brooklyn Pediatric Society, Brooklyn, 


December 16, 1931. 
Presented before the American Society of Biological Chemists at Phil- 


adelphia, April 28-30, 1932 (J. Biol. Chem., 97, p. Ixxxix (1932)). 
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Subsequent to the completion of our work, Yoshimatsu and 
Uga (12) modified the above method slightly, applying it to as 
little as 0.1 cc. of serum. They precipitate according to the 
Kramer-Tisdall technique (6) on the trichloroacetic acid filtrate, 
dissolve the precipitate in nitric acid, and reduce the resulting 
product with dimethylglyoxime and sodium sulfide. Results are 
not given on known solutions. 

Breh and Gaebler (1) precipitate potassium as silver potassium 
cobaltinitrite using 2 ec. of serum. The green color of the alco- 
holic solution of cobalt and ammonium thiocyanate is used. The 
color intensity varies with temperature and the concentration of 
alcohol and is not directly proportional to the amount of cobalt 
present. A curve is used to correct for the discrepancy between 
color intensity and cobalt concentration. 

Gerschman and Marenzi (3) also Durupt and Schlesinger (2) 
follow the Kramer-Tisdall (6) technique for the isolation of the 
potassium cobaltinitrite. The washed precipitate is decomposed 
with hydrochloric acid and then evaporated to dryness. Vogel’s 
reaction is employed for the development of the color, which con- 
sists of adding ammonium thiocyanate, forming ammonium co- 
balt thiocyanate. This produces a blue color when extracted with 
an equal mixture of amyl alcohol and ether. While the method 
is described for 2 ec. of serum, the authors (2) of one of these papers 
claim sensitivity for 0.2 ec. of serum. 

Jacobs and Hoffman (4) precipitate according to the Kramer- 
Tisdall technique (5), wash once with water and twice with 70 
per cent alcohol, dissolve the precipitate in hot water, and add 
choline hydrochloride and potassium ferrocyanide. According 
to them, the reaction is only applicable for small variations of co- 
balt concentrations. 

In the course of the work in this laboratory the need of a simple 
and reasonably accurate method for the determination of po- 
tassium on small quantities of serum was often felt. None of the 
hitherto available methods, which were based on the determina- 
tion of cobalt in the cobaltinitrite precipitate, fulfilled all of the 
requirements mentioned above. Of the methods that appeared 
during the progress of our work is Durupt and Schlesinger’s (2) for 
which they claim sensitivity for 0.2 ce. of serum but do not say 
whether it was actually tried on that amount or not. The pro- 
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cedure of Yoshimatsu and Uga (12), which came out after the com- 
pletion of this work, has a more laborious technique than the pres- 
ent method and the authors do not give any results on known 
solution. 

In the method to be described the potassium is precipitated as 
the cobaltinitrite, according to the Kramer-Tisdall technique (5) 
with slight deviations. The precipitate is washed with 30 per 
cent alcohol, decomposed with hydrochloric acid, and the cobalt 
determined colorimetrically after the addition of potassium pyro- 
phosphate, cysteine hydrochloride, and hydrogen peroxide. 

In order to work out this method a study was made of a hereto- 
fore not utilized colorimetric reaction of cobalt. It was found to 
be useful for wide ranges of cobalt concentrations and sensitive to 
small quantities of cobalt. These qualities made this reaction 
eminently suitable for the colorimetric determination of cobalt. 
The reaction here described was suggested by Dr. L. Michaelis of 
the Rockefeller Institute. It is an unpublished modification of 
the Michaelis-Yamaguchi (8) cobalt determination, in which a 
cobalt-cysteine-hydrogen peroxide complex is used instead of the 
original cobalt-cysteine complex. The qualitative color reaction 
was described by Schubert (9). In an alkaline solution, cobalt 
forms an olive-green complex with cysteine. On the addition of 
hydrogen peroxide the green colored complex turns into an intense 
bright yellow complex, the intensity of which is about 5 times as 
great as that of the first complex. Potassium pyrophosphate is 
chosen as the alkali because it forms a soluble complex with cobalt 
and therefore allows for a rapid reaction on addition of the cysteine. 


Technique 


A specially designed centrifuge tube, shown in Fig. 1, is used. 
This tube has the advantage of allowing all operations to be carried 
on without transfer, preventing loss of material and also simplify- 
ing operations. 

To 0.2 cc. of serum in the tube 0.4 cc. of the Kramer-Tisdall (5) 
sodium cobaltinitrite reagent is added. The reagent is gently 
blown from a pipette, the contents of the tube thoroughly mixed, 
and then allowed to stand for 45 minutes, after which it is centri- 
fuged at 2000 to 3000 revolutions per minute for 10 minutes. The 
supernatant liquid is carefully aspirated off with a drawn out glass 
pipette and rubber bulb without disturbing the precipitate. 2 
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ec. of 30 per cent alcohol are added in such a way as to wash care- 
fully any excess of reagent from the sides of the tube. It is not 
necessary to disturb the precipitate at this stage, but the superna- 
tant liquid must be evenly mixed with the 30 per cent alcohol. 
The washing and centrifuging are repeated twice. The supernatant 
liquid should be colorless at the end of the second washing. If 
not, a fourth washing will be necessary. The washed precipitate 
is decomposed by adding 0.1 to 0.2 cc. of approximately 6 n HCl 
to the tube and then heating in a steam bath or flame. After 
complete solution has occurred the tube is placed in an oven at 
105-125° and the solution evaporated to dryness. The residue is 
dissolved in 1 ec. of 12.5 per cent potassium pyrophosphate solu- 
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Fig. 1. Specially designed centrifuge tube 


tion. To this, 1 cc. of a solution containing 3.5 mg. of cysteine 
hydrochloride is added and the whole thoroughly mixed. An 
olive-green colored complex results. To this 0.5 cc. of 0.1 per cent 
solution of hydrogen peroxide is added and again mixed. An in- 
tense yellow colored complex results. The contents are made up 
to the 5 ce. mark with water and mixed. 

The color intensity of the sample is compared in a colorimeter 
against a standard made simultaneously by adding to 1 cc. of a 
standard cobalt sulfate solution 9 cc. of potassium pyrophosphate 
solution, then 10 ce. of a solution containing 35 mg. of cysteine 
hydrochloride. After mixing, 5 cc. of 0.1 per cent hydrogen 
peroxide are added and again mixed. The solution is made up 
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to 50 cc. with water and mixed again. The intensity of the color 
of the standard corresponds to 16.7 mg. per cent of potassium in 
the sample. 


Reading of standard X 16.7 


lim—ainiomn mg. per cent of potassium in sample 


Both the standard and the sample should be kept away from 
direct sunlight and allowed to stand 10 to 15 minutes before being 
read. 


Reagents 


Standard Cobalt Sulfate—The solution is prepared by recrystal- 
lizing CoSO,-7H,O twice from 30 per cent alcohol and after drying 
at 250-300° for 8 hours it is kept in a desiccator over concen- 
trated sulfuric acid until used. 396.5 mg. of this anhydrous salt 
are weighed with hygroscopic precautions and made to 500 cc. 
with water. This solution is 0.005115 m. According to the 
formula NaK,(Co(NOz)«), 1 ce. of this solution corresponds to 0.4 
mg. of potassium. Actually, it was found to be equal to 0.835 of 
that; that is, 0.334 mg. of K, as in our cobaltinitrite precipitate 
the potassium to cobalt molar ratio is less than 2:1. 

We also used CoCl,-6H,0 as a standard cobalt solution, 1.2174 
gm. made up to 1000 cc. The concentration was ascertained by 
a chloride determination. The standard cobalt solution can be 
kept indefinitely without change in concentration. 

Cysteine Hydrochloride—The Eastman Kodak Company prep- 
aration was used. The concentration of cysteine is determined 
by dissolving a weighed amount of cysteine hydrochloride in a 
a small amount of water (0:5 to 1.0 ec.), adding 5 to 10 ce. of 95 
per cent alcohol, and titrating with 0.05 n alcoholic iodine solution 
without starch. Eastman’s preparation was found to contain 
from 90 to 93 per cent cysteine hydrochloride. The solution is 
made up freshly when needed. 

Hydrogen Peroxide—Merck’s 30 per cent superoxol is diluted 
and kept in the ice box. Its concentration may be determined by 
titrating with 0.01 N potassium permanganate in an acid solution. 
On standing for 4 months a sample of 0.1 per cent H,O, lost 25 
per cent of its original strength. 
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Potassium pyrophosphate solution is prepared by dissolving 12.5 
gm. of K,P,0;-3H,0, Baker’s, in 87.5 ec. of water. This solution 
keeps indefinitely. 

Hydrochloric acid (approximately 6 N) solution is prepared by 
adding concentrated hydrochloric acid to an equal volume of water. 

30 per cent alcohol is prepared by adding to 30 cc. of alcohol 70 
cc. of water. 

Sodium Cobaltinitrite Reagent (5). Solution A—25 gm. of cobalt 
nitrate crystals are dissolved in 50 cc. of water and to this solution 
are added 12.5 ce. of glacial acetic acid. 

Solution B—120 gm. of sodium nitrite (potassium-free) are dis- 
solved in 180 ce. of water. This gives a total volume of about 220 
ec. To all of Solution A are added 210 ce. of Solution B. An 
evolution of nitric oxide gas occurs at once. Air is drawn through 
the solution until all the gas has passed off. The reagent is placed 
in an ice chest and filtered each time before using. It will keep 
at least a month, usually 2 or 3 months. 


Factors Affecting Color 


In a fixed volume the amount of hydrogen peroxide that will 
give the maximum color intensity for a given amount of cobalt 
depends solely upon the amount of cysteine present. The ratio 
that gives the maximum color for a given amount of cobalt is 2 
mols of cysteine to 1 mol of hydrogen peroxide. An excess of 
hydrogen peroxide does not increase the color intensity, but causes 
it to decrease gradually; the rate of fading depends on the excess 
of both cysteine over cobalt, and hydrogen peroxide over cysteine. 
An insufficient amount of hydrogen peroxide does not develop the 
maximum intensity and the color is a mixture of the yellow hydro- 
gen peroxide complex and the original olive-green complex. 

In Table I each horizontal line represents a series of experiments 
in which the cobalt and the cysteine are kept constant with various 
amounts of hydrogen peroxide added. In each series of these 
experiments the maximum intensity of color is produced at a 
cysteine to hydrogen peroxide ratio of slightly less than 2 mols to 1. 
If these samples are kept in the dark and are reread 24 hours after 
mixing, the ratio of cysteine to hydrogen peroxide required for 
maximum color intensity changes from slightly less than 2 to a 
trifle more than 2. In the presence of an excess of cysteine and 
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hydrogen peroxide the amount of fading is proportional to the 
excess of hydrogen peroxide present. With an insufficient amount 
of hydrogen peroxide present the color intensity hardly fades in 
the dark. Consequently, the next day the sample that had just 
an insufficient amount of hydrogen peroxide, had the maximum 
intensity of color. It may be remarked that in the presence of an 
excess of cobalt very little fading takes place even in the presence 
of 3 times the optimum amount of hydrogen peroxide required. 
For example, in the experiments on the last line of Table I, fading 


TABLE I 


Relation of Minimum H,0, Required for Maximum Color Intensity to Amount 
of Cobalt and Cysteine* 


in 
hydcochloride 
Initially 24 hrs. after mixing 

mM mM mM mM 
0.001023 0.00572 0.00341 0.0256 
0.001023 0.01715 0.01236 0.0921 
0.001023 0.0491 0.0248 0.0220 
0.002558 0.01715 0.01175 0.00853 
0.002558 0.046 0.0240 0.0216 
0.01023 0.01023 0.005115 0.005115 


* The color was developed by (1) measuring the cobalt sulfate solution, 
(2) adding 1 cc. of 25 per cent potassium pyrophosphate and mixing, (3) 
adding freshly prepared cysteine hydrochloride solution and mixing, (4) 
adding the hydrogen peroxide solution and mixing again. The mixture was 
made up to 10 cc. and kept away from direct sunlight as it causes decom- 
position of the colored complex. The full color developed in about 15 
minutes. A Leitz colorimeter was used. ' 


did not occur in any of the samples having an excess of hydrogen 
peroxide. 

When the amount of cobalt is kept constant and the cysteine- 
3H,0,' is varied, a gradual increase of color intensity is observed 
which reaches a maximum when the molar cysteine to cobalt ratio 
is about 24. In these experiments, the same cysteine and the 


! This term is used to denote the fact that whenever cysteine is used at 
least $ mol of hydrogen peroxide was used with it. There was as a rule a 
slight excess of hydrogen peroxide present. 
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same hydrogen peroxide solutions were used, increased volumes 
of the solutions were added to obtain the increased molar ratios 
of cysteine-}H,O,' to cobalt, and later the solutions were all 
brought up to the same volume. On further investigation these 
results proved to be fallacious, for it was found that if the initial 
volume in which the color develops is changed, a change in color 
intensity is noted. Also, the greater this initial volume for given 
amounts of reagents, the greater is the intensity of color. Asa 
result, the experiments were revised by adding sufficient water to 
make the initial volume in which the color develops, identical. 
This was done by compensating for the different volumes of cys- 
teine and hydrogen peroxide solutions. It is found that under 
these conditions the maximum intensity of color is practically 
reached at a ratio of 6 mols of cysteine-}H,O,' to 1 of cobalt. At 
a ratio of 12 the maximum is definitely reached. 

Maintaining a ratio of cysteine-}H,O,' to cobalt of at least 
12:1, the intensity of color varies linearly as the cobalt concentra- 
tion. A determination of the color intensity, therefore, becomes 
a measure of cobalt concentration. Changing the concentration 
of the pyrophosphate from 0.1 to twice that used does not affect 
the color intensity. 


Discussion of Procedure 


According to the formula, NaK,(Co(NOz).), the atomic ratio of 
K:Co is 2:1. However, under the conditions herein described, 
the ratio was found to be 2:1.2. This deviation might be due to: 
(1) the precipitate is a mixture of NazK(Co(NO,)s) and NaK;- 
(Co(NOz)s); (2) the precipitate adsorbs some cobalt compound 
which cannot be removed by washing with 30 per cent alcohol; 
(3) the precipitate is a solid solution of the type (Na, K);- 
(Co(NO;)s). Whichever reason is the right one, the fact remains 
that the ratio of potassium to cobalt was observed to be constant 
in these studies. 

At low precipitating temperatures the potassium to cobalt 
atomic ratio is decreased. Therefore, that portion of the precipi- 
tating reagent which is to be employed should be allowed to reach 
room temperature before use. 

30 per cent alcohol is used in preference to water for washing 
purposes because the precipitate is less soluble and gives more con- 
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stant results, the shape of the centrifuge tube obviating the success- 
ful use of the Kramer-Tisdall washing technique. 

With a potassium concentration of from 10 to 40 mg. per cent 
there is, with the amounts of reagents used, a sufficient excess of 
cysteine to give an intensity of color which is directly proportional 
to the potassium concentration, even when the authors use the same 
standard for all these determinations. There is a sufficient excess 
of hydrogen peroxide to allow for a 30 per cent decrease in strength. 
Too great an excess is undesirable as it causes an increased rate of 
fading, although a 20 to 40 per cent increase over the one given 
does not produce a significant effect in less than 2 hours. 

The best results are obtained on fresh sera, as on standing, de- 
composition products interfere. The serum must also be free of 
hemolysis as the red blood corpuscles contain a very high percent- 
age of potassium. 


Results 


With 0.2 ec. of potassium chloride solutions of known potassium 
concentrations from 10 to 40 mg. per cent, the maximum error 
found is 5 per cent, the average error is +1.7 per cent. Also for 
0.2 ce. of artificial serum solutions (containing the average inor- 
ganic composition of serum) of known potassium concentrations 
from 12.7 to 31.7 mg. per cent the maximum error is 4.2 per cent 
and the average error is +1.9 per cent. These results indicate 
that the presence of the other inorganic constituents of serum does 
not interfere with the potassium determination. 

Potassium added to serum in the form of potassium chloride is 
recovered satisfactorily. The average results found are within 1 
per cent of the theoretical values, when the amount of potassium 
chloride added raises the potassium content about 10 mg. per 100 
ec. of serum. Table II shows comparisons between determina- 
tions on 0.2 ce. of ashed and unashed serum and also between our 
method and the Kramer-Tisdall (5) procedure. The agreement 
between ashed and unashed serum is +2.25 per cent, while the 
agreement for duplicates on thirty-three cases is +1.9 per cent. 
As ashed serum and artificial serum have practically the same 
composition this fact alone would satisfactorily establish the 
present method. In addition the checks between this and the 
Kramer-Tisdall (5) procedure are close in most cases. There- 
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fore, it is justifiable to say that the results on serum represent the 
true potassium concentration. 

The values for normal and pathological cases vary from 12.4 
to 23.5 mg. per cent. In a case of pneumonia complicated by 
empyema and nephritis, the potassium value, which on admission 
of the patient to the wards was 12.4 mg. per cent, rose 2 days later 
to 15.7 mg. per cent, and 3 days later to 20.0 mg. per cent. It may 
be interesting to follow up other cases systematically. 


TABLE II 
Determination of Potassium on Human Blood Sera 
The values are expressed as mg. of potassium per 100 cc. of serum. 


Author's 
Diagnosis Subject | method | Author's | Tian 
ashing 
Tuberculosis of bone.............. “ 19.4 18.9 20.2 
Duodenal ulcer.................... “4 20.7 21.6 21.0 
S. S., pneumonia, empyema, ne- 
phritis 
Diabetes insipidus................ Adult 20.0 20.2 
20.3 20.4 


We wish to acknowledge the valuable assistance given to us by 
Mr. Borah Mozer. 


SUMMARY 


The applicability of the colored cobalt-cysteine-hydrogen per- 
oxide complex was studied for quantitative estimation of cobalt. 

The potassium content of 0.2 cc. of solutions containing 10 to 
40 mg. per cent of potassium was estimated by the colorimetric 
determination of cobalt in the cobaltinitrite precipitate with an 
average error of +1.9 per cent. 

The atomic ratio of the potassium to cobalt in the potassium 
cobaltinitrite precipitate under our conditions is 2:1.2. 
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DERIVATIVES OF GLUCURONIC ACID 


I. THE PREPARATION OF GLUCURONIC ACID FROM GLUCURON 
AND A COMPARISON OF THEIR REDUCING VALUES 


By WALTHER F. GOEBEL anp FRANK H. BABERS 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 9, 1933) 


The presence of glucuronic acid in the complex molecules of 
specific bacterial polysaccharides (1) has stimulated a study of 
certain derivatives of this important substance and its lactone, 
glucuron. These investigations have entailed the necessity of 
elaborating a satisfactory method for preparing both the acid and 
its lactone, and at the same time they have embraced a study of 
the comparative reducing values of these two substances. The 
present communication presents the results of this work. 

Preparation of Source Material—A consideration of the various 
available sources and methods for the preparation of glucuronic 
acid has led us to the adoption of the excellent method of Quick 
(2) for securing large quantities of this compound in the form of the 
zinc salt of the borneolglycoside of glucuronic acid. Although 
the method of Weinmann (3), who prepared glucuronic acid from 
an acidic gum (4) derived from gum arabic, as well as the method 
of Fischer (5), offers available sources of the material, both of these 
methods have certain drawbacks. The method of Quick, on the 
other hand, proved to us to be of utmost value, for not only is it 
simple, but it provides a source material of high purity without 
elaborate chemical procedure. 

Thus, eight dogs weighing 7 to 12 kilos each were housed in clean 
metabolism cages. They were fed a daily diet of ? pound of 
ground raw horse meat mixed with a little bread, salt, and 7 gm. 
of pulverized d-borneol, during 4 consecutive days. During the 
succeeding 3 days of the week, the animals were maintained on 
a borneol-free diet. When these conditions were followed the 
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general health of the dogs remained excellent, and the ultimate 
output of conjugated glucuronic acid was greater than that ob- 
tained when the animals were fed on a continuous diet of borneol. 
The urine of the animals was collected during the first 4 days. 
The conjugated borneolglycoside was isolated from the urine, 
according to Quick, as its zinc salt.' 

Bornylglucuronide was also obtained as described by Quick, and 
the hydrolysis of the glycoside with 0.2 n H,SO, was carried out 
according to his directions. After the hydrolysis, however, we 


’ found it advisable to remove the sulfuric acid with barium car- 


bonate rather than with barium hydroxide, because glucuronic 
acid is extremely sensitive to alkali. After removing the sulfuric 
acid, the aqueous solution of glucuronic acid and its lactone was 
evaporated in vacuo to a thick syrup. It was then dissolved in 
absolute alcohol, and reevaporated, the process being repeated 
three times in all. A beautiful crystalline product, consisting of 
a mixture of free glucuronic acid and of its lactone, was thus ob- 
tained. 

We cannot recommend too highly Quick’s method for the prepa- 
ration of glucuronic acid-lactone mixture. The yield of the con- 
jugated zinc salt, from eight dogs, varied from 100 to 160 gm. per 
4 days of feeding. Over a period of 3 months of feeding, we 
obtained 1.4 kilos of zine bornylglucuronide. The yield of glucur- 
onic acid and lactone obtained from the hydrolysis of born- 
ylglucuronide was also very good. From 170 gm. of glycoside, 
70 gm. of a mixture of lactone and acid were obtained. 

Preparation of Glucuron—60 gm. of the mixture of glucuron and 
glucuronic acid obtained from the hydrolysis of bornylglucuronide, 
were very finely pulverized. 600 cc. of glacial acetic acid were 
placed in a 1 liter wide mouthed Erlenmeyer flask, and heated to 
boiling over an electric hot-plate. The boiling acetic acid was 
mechanically stirred, and the pulverized mixture of acid and lac- 
tone was added as rapidly as its solution permitted. After the 
material was entirely dissolved, the solution was cooled as quickly 
as possible. The lactone crystallized promptly from the solvent. 
After standing in the ice chamber overnight, the lactone was 
finally separated and washed with ether to remove acetic acid. 


1 Just before precipitating the glycoside as its zinc salt it is advantageous 
to heat the urine filtrate to 70° rather than to the boiling point. 
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52 gm. of lactone were recovered, a yield of 89 per cent (calculated 
on the basis of the original mixture containing 75 per cent lactone 
and 25 per cent acid). 

In order to obtain a glistening snow-white product, it is impor- 
tant to dissolve the material as rapidly as is possible, and to cool 
the acetic acid solution immediately after solution takes place. 
If the solution of glucuron remains hot for any length of time, an 
impure dark product is obtained. The entire operation should 
not require more than a few minutes, if the acid-lactone mixture 
has been properly pulverized. The sample of glucuron thus se- 
cured melts at 178° (corrected). The best solvent for recrystalli- 
zation purposes is methyl alcohol, and the product thus secured 
melts at 180° (corrected) with decomposition. The melting point 
is not very sharp. In both instances a preliminary softening and 
slight darkening is to be observed. 

The rotation of the lactone in water, after recrystallization from 
methyl alcohol, is 


+ 0.71 100 


2x1i04 +2855 


lal, 
The solution shows no mutarotation. 

Preparation of Pure Glucuronic Acid from Glucuron—Quick has 
prepared glucuronic acid of 99 per cent purity by extracting with 
alcohol the mixture of acid and lactone obtained from the hydroly- 
sis of bornylglucuronide. This method, while effective, is un- 
satisfactory, for it gives low yields of acid. Glucuronic acid and 
glucuron are both extremely sensitive to the hydroxyl ion. We 
have found, however, that glucuron can be converted to the ba- 
rium salt of glucuronic acid under certain conditions. The pro- 
cedure was as follows: ; 

11.4 gm. of pure glucuron were dissolved in 200 cc. of water. 10 
gm. (slightly less than the theoretical quantity) of carbonate- 
free crystalline barium hydroxide (Ba(OH),-8H2O) were dissolved 
in 300 cc. of water. A few drops of phenolphthalein were added 
and the solution of glucuron was stirred. The solution of barium 
hydroxide was added drop by drop from a separatory funnel at 
such a rate that at no time did the solution of glucuron become 
definitely alkaline to phenolphthalein. The solution of glucuron 
remained clear and practically colorless if the addition of base was 
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not too rapid. After all of the barium hydroxide had been added 
(14 hours), the solution was concentrated to 75 cc. in vacuo, de- 
colorized with a little norit, filtered, and then poured into 10 vol- 
-umes of chilled methyl or ethyl aleohol. The barium salt of glu- 
curonic acid was isolated, yielding 22 gm., or 97 per cent of the 
theoretical amount. The compound was then dissolved in 150 
ec. of water, cooled to 0°, and decomposed by adding the proper 
amount of 3 Nn sulfuric acid. The barium sulfate was separated 
by centrifugation at 0° and was washed with cold water. The 
solution of glucuronic acid was carefully concentrated in vacuo 
to a thick syrup. The temperature within the distilling flask 
was maintained at 16°. The syrup was dissolved in absolute 
ethyl alcohol, and again evaporated nearly to dryness. A second 
solution with ethyl alcohol could not be effected because the acid 
crystallized out. The flask containing the acid was placed in the 
ice box for 2 days, and the free glucuronic acid was separated. 
11.2 gm. were recovered. An appreciable amount of material 
could be recovered from the mother liquors, though this product 
contained considerable lactone. 

When titrated with 0.025 n sodium hydroxide at 0°, with phe- 
nolphthalein as indicator, the acid thus prepared showed a purity 
of 99.1 per cent. It has been found that in the presence of lac- 
tone glucuronic acid cannot be titrated accurately with 0.1 N 
NaOH at room temperature, for the lactone is rapidly split by the 
sodium hydroxide at 20°. Even at 0°, when titrating with 0.025 N 
alkali, the end-point is transitory, and lasts only a few seconds, 
if appreciable quantities of lactone are present. 

Pure glucuronic acid was prepared by recrystallization of the 
above product from 85 per cent ethyl alcohol, which seems to be 
the best available solvent for this purpose. The acid thus finally 
isolated, when titrated with 0.025 n NaOH, proved to be exactly 
100 per cent pure. 


[als = en = +16.05° (in water, taken 3 minutes after complete 
X 1.6820 solution) 


Solutions of the acid mutarotate rapidly and reach a constant 
value of +36° after 3 hours. The substance melts at 165° (cor- 
rected). It is to be noted that Ehrlich and Rehorst (6), who first 
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isolated crystalline glucuronic acid, reported a melting point of 
154°. 

Oxidation of Glucuronic Acid and Glucuron by Sodium Hypoio- 
dite (7)—Glucuronic acid and glucuron should both be oxidized 
by sodium hypoiodite to the sodium salt of saccharic acid accord- 
ing to the equations: 


(1) HOOC—(CHOH),—CHO + I, + 4NaOH = NaOQOC—(CHOH),—CO- 
ONa + 2Nal + 3H,0 


(2) CO—(CHOH);—CH—CHO + I, + 4NaOH = Na0OC—(CHOH), - CO- 
ONa + 2Nal + 2H;0 


In Equation 2 oxidation and hydrolysis of the lactone take place 
simultaneously. It was the purpose of these experiments to as- 
certain whether glucuronic acid and its lactone, when treated 
with sodium hypoiodite, would be stoichiometrically oxidized as 
is glucose. Nelson and Cretcher (8) found that the lactone of 
mannuronic acid was not. 

Standard solutions of equimolar concentrations of glucose, glu- 
curonic acid, and glucuron were made by dissolving 0.4500 gm. of 
pure and dry crystalline glucose, 0.4850 gm. of pure glucuronic 
acid, and 0.4400 gm. of glucuron in water and diluting to 100 ce. 
The glucuronic acid was, of course, first neutralized with the 
equivalent quantity of sodium bicarbonate. Samples were then 
pipetted off. Calibrated pipettes were used. The analyses were 
carried out in the usual way (9); the proper concentration of water 
was maintained when the smaller samples were analyzed. When 
samples of glucuron were analyzed, the equivalent quantity of 
0.1 nv NaOH was added from a burette, in addition to the alkali 
necessary for analysis. The results of the analytical data are 
given in Table I for glucuronic acid and glucuron. The results 
for glucose are not tabulated because analyses of 100 + 0.2 per 
cent were obtained in each instance. 

It is extremely interesting to observe that glucuronic acid itself 
is stoichiometrically oxidized to saccharic acid by means of hypoio- 
dite, whereas in the case of its lactone, the oxidation progresses 
beyond that point. We have pointed out that the lactone is 
unstable to alkali at room temperature. The reaction between 
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glucuron, hypoiodite, and sodium hydroxide must necessarily be 
complex, for not only is the aldehyde group of glucuron being oxi- 
dized to the carboxylic acid, but the lactone ring in the newly 
formed derivative, and in glucuron itself, is constantly being 
opened. It would seem, then, that at just this moment the com- 
pound is more subject to the action of the hypoiodite and there- 
fore might yield results which are not stoichiometric. 
Determination of Reducing Value of Glucuronic Acid and Glu- 
curon by Method of Bertrand (10)—The reducing value of samples 
of glucuronic acid and glucuron were determined by the method 
of Bertrand. A check on the analytical procedure was made by 
using equivalent quantities of optically pure crystalline glucose. 


TABLE I 

Oxidation of Glucuronic Acid and Glucuron by Sodium Hypoiodite 

0.1 iodi idati 

Glucuronic acid Glucuron in oxidation 

mg. mg. cc. ec. per cent 
145.5 15.00 14.97 99.8 
97.0 10.00 10.00 100.0 
48.5 5.00 5.01 100.2 
132 15.00 15.96 106.4 
88 10.00 10.78 107.8 
44 5.00 5.35 107.0 


We chose weights of glucose of 100, 75, 50, and 25 mg., and de- 
termined the mg. of copper reduced by these samples. The values 
obtained were almost identical with those given in Bertrand’s 
tables, so we have tabulated the values as given by him. The 
weights of glucuronic acid and of glucuron equivalent to these 
arbitrarily chosen samples of glucose are given in Table II. Their 
reducing values were likewise determined. 

We have found that glucuronic acid and its lactone have the 
same reducing value in Fehling’s solution, but that equivalent 
quantities of these two derivatives have a reducing value slightly 
less than pure glucose itself. In quantities of 50 mg. or less the 
difference in reducing values is so slight as to be scarcely measur- 
able by the macromethod of Bertrand, but with equivalent quan- 
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tities greater than these, the differences are readily detectable by 
this excellent titrimetric method. 

Determination of Reducing Values of Glucose, Glucuron, and 
Glucuronic Acid by Micromethod of Shaffer and Hartmann (11)— 
Our experience with the micromethod of Shaffer and Hartmann 
has been that with each new lot of copper reagent it is advisable 
to determine the reducing value of glucose anew, rather than ac- 


TABLE II 


Reducing Values of Equimolar Quantities of Glucose, Glucuronic Acid, and 
Glucuron by Various Methods 


Ratio of mu 
Sample analyzed Copper reduced by _ | ®°PPer reduced to 
analyzed 
Method 
mg. mg. mg. mg. mg. mg. 
Bertrand 100 | 107.8 97.8) 177.8] 170.0) 170.2/5.03| 4.81/4.82 
75 | 80.8] 73.3) 137.9) 132.5) 133.4/5.20) 5.00|5.04 
50 | 53.9] 48.9] 95.4) 95.2) 94.6)5.40) 5.39/5.36 
25 | 26.9| 24.5) 49.6) 48.9) 49.1/5.62| 5.54/5.54 
Shaffer-Hart- 1.350 | 1.455 | 1.320} 3.00) 2.34) 2.21/6.29) 4.91/4.63 
mann micro- | 1.080 | 1.164 | 1.056} 2.33) 1.65/6.11) 4.61/4.32 
method 0.810 | 0.873 | 0.792) 1.64) 1.14) 1.09/5.73| 3.98)3.81 
0.540 | 0.582 | 0.528} 0.99) 0.61 3.20/3.14 
Shaffer-Hart- 100 | 107.8 | 97.8) 218.5) 215.5) 210.9/6.18| 6.10/5.97 
mann macro- 75 | 80.8 | 73.3) 165.9] 163.5) 160.1/6.26) 6.18/6.04 
method 50 | 63.9.| 48.9) 110.4) 109.8| 107.7/6.25| 6.22/6.10 
25 | 96.9| 24.5) 54.7) 54.3) 54 1/6. 20 6.16/6.11 


cept the values tabulated by the authors. We have determined 
the reducing values of glucose, glucuron, and glucuronic acid with 
a single lot of reagent, and the results are given in Table II. In 
these analyses, 5 cc. of microreagent were used, and 5 ce. of sugar 
solution. The reduction was carried out in covered Pyrex test- 
tubes, 20 X 200 mm., the tubes were heated for 15 minutes in a 
boiling water bath, and the “cuprous” titration was performed. 
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The quantities of glucose used were 1.35, 1.08, 0.81, and 0.54 mg. 
The equivalent quantities of glucuronic acid and of glucuron are 
tabulated. 

From the results in Table II, it is seen that glucuronic acid and 
glucuron both reduce considerably less copper per mol than does 
glucose. It is also of interest to note that glucuron reduces even 
less than does its homologue, the free acid. It has been found 
that aldobionic acids (Heidelberger and Goebel (1)), on the other 
hand, have approximately the same equivalent reducing value as 
has glucose, when determined by this method. 

Reducing Values of Glucose, Glucuronic Acid, and Glucuron as 
Determined by Macromethod of Shaffer and Hartmann—The re- 
ducing values of the three derivatives were determined by the 
macromethod of Shaffer and Hartmann. Here again, it was 
necessary to perform control experime::ts on equivalent quantities 
of glucose, because the copper values which we found for this 
sugar were slightly higher than those given by Shaffer and Hart- 
mann. The results are also given in Table II. 

From this data, it is to be seen that glucose has a slightly higher 
reducing value per mol than glucuronic acid, and that the latter 
in turn reduces slightly more copper than does its lactone, glu- 
curon. These differences are not as striking as they are in the 
micromethod of Shaffer and Hartmann. 

In conclusion, we must point out that there are statements in. 
the literature which refer to glucuronic acid as a powerful reducing 
agent—so powerful, in fact, that it will reduce Fehling’s solution 
at room temperature. This is by no means the case when one is 
dealing with pure glucuronic acid. The substance will, of course, 
reduce Fehling’s solution at room temperature on prolonged stand- 
ing, but apparently to no greater extent than does glucose. In 
reality, glucuronic acid and its lactone are, if anything, weaker 
reducing agents than glucose. 


SUMMARY 


1. A method for the preparation of glucuronic acid from its 
lactone, glucuron, has been given. 

2. The relative reducing values of glucuronic acid and glucuron 
have been studied. 
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THE SYNTHESIS OF TYROSINEPHOSPHORIC ACID 


By P. A. LEVENE anv A. SCHORMULLER 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 3, 1933) 


In recent years much progress has been made in our knowledge 
of the structure of phosphoproteins through the work of 8. and T. 
Posternak' and of Rimington.? These authors have prepared, 
from casein and from vitellin, phosphoric esters of polypeptides 
containing a high proportion of hydroxyamino acids. More 
recently, Lipmann and Levene’ isolated from the vitellinic acid 
of Levene and Alsberg a substance having the composition of 
serinephosphoric acid. Thus, in vitellin the hydroxyl group of the 
serine may be regarded as the seat of the phosphoric acid residue. 
In the case of other phosphoproteins, the nature of the hydroxy- 
amino acids to which the phosphoric acid residue is attached is not 
yet known. It may be mentioned at this place that in this labora- 
tory a substance with a ratio of N:P = 1.2:1 has been isolated 
from casein, but that the nature of the amino acid entering into 
its structure has not yet been established.‘ A knowledge of the 
properties of the phosphoric esters of the hydroxyamino acids there- 
fore acquired a special interest and work on a systematic synthesis 


1 Posternak, S., and Posternak, T., Compt. rend. Acad., 184, 909 (1927); 
187, 313 (1928). Posternak, S.,.Compt. rend. Acad., 186, 1762 (1928). 

? Rimington, C., Biochem. J., 21, 1179, 1187 (1927). 

* Lipmann, F. A., and Levene, P. A., J. Biol. Chem., 98, 109 (1932). 

‘In the article by Lipmann and Levene it was stated that Rimington 
considered hydroxyglutamic and hydroxybutyric acids as the only possible 
seats of the phosphoryl radicle in the case of casein. From a letter ad- 
dressed by Dr. Rimington to the Editor of this Journal, it appears that our 
statement did not express the view of Dr. Rimington accurately and that he 
did not exclude the possibility of serine being the seat of the phosphoryl 
radicle in casein. We regret to have misinterpreted Dr. Rimington’s state- 
ment and are grateful to Dr. 8. R. Benedict for giving us the opportunity to 
read the letter of Dr. Rimington.—P. A. L. 
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of the phosphoric esters of the naturally occurring hydroxyamino 
acids was undertaken in this laboratory. 

Certain syntheses of hydroxyamino acids have been reported in 
the past. Thus, Neuberg® described a phosphoric acid derivative 
of tyrosine, but the substance did not possess the properties of 
tyrosine-O-phosphoric ester. Langheld® mentioned the prepara- 
tion of a phosphoric ester of serine, but we may state with certainty 
that his substance was not a serine-O-phosphoric ester. 

The present paper deals with the synthesis of tyrosine-O-phos- 
phoric acid. No difficulty was anticipated in the preparation of 
this substance inasmuch as, according to Neuberg, by the action 
of phosphorus oxychloride on an aqueous solution of tyrosine in the 
presence of magnesium oxide, phosphoric acid was introduced both 
in the amino and in the hydroxyl groups. Furthermore, from our 
experience with the natural serinephosphoric acid it was to be 
expected that the phosphoric acid residue on the hydroxyl group 
would be quite resistant to acid hydrolysis, whereas on the basis of 
the properties of the substances described by Neuberg, the phos- 
phoric residues on the amino groups were expected to be very labile 
under the same conditions. These expectations, however, ended 
in disappointment. The substance prepared by the method of 
Neuberg loses all its phosphoric acid by mere boiling of an aqueous 
solution of the magnesium salt, independent of the hydrogen ion 
concentration. 

After several unsuccessful trials it was finally found that formyl- 
tyrosine was readily phosphorylated by the method of Neuberg. 
The N-formyltyrosine-O-phosphoric acid prepared in this manner 
was then hydrolyzed to tyrosine-O-phosphoric acid. 

The set of reactions leading to the final product is given by the 
accompanying formule. 

NH, 


| 
- CH- COOH 


| 
NH—CH 


| 
- CH - COOH 


5 Neuberg, C., Biochem. Z., 60, 497 (1914). 
® Langheld, K., Ber. chem. Ges., 44, 2087 (1911). 


~ oo 


I 
] 
d 
a 
a 
c 
nN 
a 
a 
te 
a 
Ww 
S¢ 
tl 
XUM 


P. A. Levene and A. Schormiiller 585 
HO NH—CH 
\ | 
0o=P—0o—< _)—CH, - CH - COOH 
HO 
HO NH: 
| 
Om - CH - COOH 
HO 


The substance is readily prepared as a barium salt. Unfortu- 
nately, this is difficult to obtain in a state of satisfactory purity. 
However, from the lead salts the free tyrosine-O-phosphoric acid 
was obtained in a pure crystalline form. 

It must be added that the method which led to phosphorylation 
of tyrosine cannot be regarded as a general method since with 
serine it gave unsatisfactory results. The task, however, is being 
accomplished by an entirely different procedure but the work is 
not yet completed. 


EXPERIMENTAL 


Formyltyrosinephosphoric Acid—7.5 gm. of formyltyrosine were 
dissolved in 500 cc. of water and 60 gm. of magnesium oxide were 
added. The suspension was cooled with stirring and into it was 
allowed to flow a solution of 20 gm. of phosphorus oxychloride in 125 
cc. of carbon tetrachloride, during 3 hours. The cooling mixture 
was then removed and the reaction allowed to proceed for 30 
minutes at room temperature. The reaction product was filtered 
and the filtrate rendered neutral to phenolphthalein with acetic 
acid. The carbon tetrachloride was removed in a separatory fun- 
nel and discarded and the aqueous solution was concentrated to 35 
to 40 ce. under diminished pressure at room temperature. This 
solution was allowed to flow with stirring into alcohol. A floccu- 
lent precipitate formed which settled down slowly so that 2 hours 
were required before it could be separated conveniently by centri- 
fuging. The sediment was dissolved in a little water and to the 
solution aleohol was added to a concentration of 40 per cent. To 
the filtrate 3 volumes of absolute alcohol were added. The precipi- 
tate thus formed was redissolved and reprecipitated with alcohol 
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and was then washed with 75 per cent alcohol and finally with 
absolute alcohol. It was dried in a vacuum desiccator over phos- 
phorus pentoxide. The yield was from 3 to 3.5 gm. It had the 
following composition: 


10.630 mg. substance: 0.380 cc. N at 25° and 752 mm. 


5.225 : 31.110 mg. molybdate 
CioHioO;NPMg. Calculated. N 4.49, P 9.9 
311.4 Found. 
Ratio. P:N = 1:1.07 


Barium Salt of Tyrosinephosphoric Acid—Preliminary experi- 
ments showed that on heating the above product in 2 Nn hydro- 
chloric acid solution for 2 hours on the boiling water bath there is a 
complete hydrolysis of the formyl residue, whereas the loss of 
phosphoric acid does not exceed 10 per cent. 

For preparation of the formyl-free ester, 4.5 gm. of the magne- 
sium salt were dissolved in 45 cc. of 2 N hydrochloric acid and heated 
on the boiling water bath for 2 hours. The solution was rendered 
neutral to phenolphthalein with barium hydroxide. To the 
filtrate absolute alcohol was added until separation was complete. 
The yield of perfectly white, powdery barium salt was 3.5 to 4 gm. 
The purification of the barium salt was completed by fractional 
precipitation with alcohol, the more insoluble fractions yielding 
material of a satisfactory composition. 


4.250 mg. substance: 28.070 mg. molybdate 


13.250 “ 5 : 0.428 cc. N (19.5°, 756 mm.) 

58.4 : 34.60 mg. BaSO, 

4.515 “ os : 4.440 “ CO, and 1.125 mg. H,O 
CsHi0OsNPBa. Calculated. C 27.27, H 2.55, N 3.54, P 7.84, Ba 34.70 
396.4 Found. 26.8, 2.79, 3.75, “7.88, “* 34.86 


Free Tyrosinephosphoric Acid—The above barium salt was dis- 
solved in water and to the solution neutral lead acetate was added 
until precipitation was complete. The lead salt was then washed 
repeatedly with water until the barium ions were completely 
removed. It was now suspended in water and through the 
suspension hydrogen sulfide was passed. The filtrate from the 
lead sulfide was concentrated under reduced pressure at room 
temperature and the product readily crystallized out. The yield 
of the crystalline material was 90 per cent of the theoretical. 
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For analysis the substance was recrystallized from a small 
volume of water, being obtained in the form of long colorless 
needles. 

It melted at 253° with decomposition and had the following 
analysis. 


3.507 mg. substance: 5.300 mg. CO, and 1.500 mg. H,O 


23.200 “ S : 2.04 cc. N at 19° and 751 mm. (Van Slyke) 
3.995 “ a : 32.700 mg. molybdate 
CsH:,0-NP. Calculated. C 41.36, H 4.63, N 5.40, P 11.90 
261.0 Found. 41.21, “ 4.78, “* 4.97, “ 11.88 


The rotation of the substance was as follows: 


—0.20°°X100. 
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CHEMICAL STRUCTURE AND OPTICAL ROTATION 


IV. THE CONFIGURATIONAL RELATIONSHIP OF DISUBSTITUTED 
ACETIC AND PROPIONIC ACIDS CONTAINING A 
PHENYL GROUP 


By P. A. LEVENE, R. E. MARKER, anp ALEXANDRE ROTHEN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 20, 1933) 


In the course of their work on the correlation of the group of 
substances of the general type of 


R 
| {COOH 

H—C—;CH;0H 
| (CH.X 
C.Hs 


(R stands for n-alkyl and X for halogen), Levene, Mikeska, and 
Passoth! encountered great difficulty in reducing the esters of the 
acids to the corresponding carbinols without racemization. Op- 
tically active carbinols and halides, however, could be obtained by 
the reduction of the corresponding nitriles to the amines with 
subsequent treatment with nitrosyl halide, or with nitrous acid. 
It was assumed that the active carbinols and the halides would 
have the above structure. The reason for this assumption was 
the observation of previous workers that amines of the type 


CH; 

I 


1 Levene, P. A., Mikeska, L. A., and Passoth, K., J. Biol. Chem., 88, 
27 (1930). 
589 


| 

XUM 


590 Configuration and Optical Rotation 
on treatment with nitrous acid lead to 


CH, CH; 
II III 
In the case of 
C.Hs 
IV 


this reaction should lead to 
H—C—CH,OH and to 


Vv VI 


The latter substance should be optically inactive. Hence, struc- 
ture (V) was assigned to the optically active carbinol and to the 
corresponding optically active halide. 

Meanwhile, an older communication of Cohen, Marshall, and 
Woodman,? which had escaped our attention previously, came to 
our notice. They described the halogenation of the optically 
active methylphenylethanol, the reaction taking place without 
change of the direction of rotation; whereas, in our case, the halide 
and the carbinol rotated in opposite directions. This discrepancy 
between the observations of Cohen, Marshall, and Woodman and 
of Levene, Mikeska, and Passoth naturally led to consideration of 


? Cohen, J. B., Marshall, J., and Woodman, H. E., J. Chem, Soc., 107, 
900 (1915). 
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the possibility of another rearrangement on treatment of the amine 
with nitrous acid or with nitrosyl chloride; namely, a rearrange- 
ment to the secondary carbinol or to the secondary halide of the 


type 
C.Hs 


On substitution of the halogen by a carboxyl, the secondary halide 
naturally should have led to the disubstituted phenylated acetic 
acid, whereas the primary halide should have given a disubstituted 
propionic acid. Indeed, the acid which was previously described 
by us as a methylphenylpropionic acid has been found to possess 
a dissociation constant approximately that of the disubstituted 
acetic acid and to contain only a very small portion of the disub- 
stituted propionic acid. The acid previously described by us as 
ethylphenylpropionic acid had a dissociation constant intermediate 
between those of disubstituted acetic and disubstituted propionic 
acids. However, on substitution of the halogen atom by a car- 
boxyl group, the optically active secondary phenylated halides 
led to optically inactive acids. Therefore, the optically active 
portions of the acids which had been obtained from the phenylated 
halides prepared by the procedure employed by Levene, Mikeska, 
and Passoth were actually disubstituted phenylated propionic 
acids. However, to remove all doubt as to the previous formula- 
tion of the configurational relationship of the disubstituted phenyl- 
ated acetic and propionic acids, it was decided to repeat the task 
by a different method. The inactive 2,2-methylphenylethanol 
and 2,2-ethylphenylethanol were resolved by the method of Co- 
hen, Marshall, and Woodman. The carbinols were converted 
into the halides and the latter by the Grignard reaction into the 
propionic acids. 

An interesting observation was made in the case of the 2,2- 
methylphenylearbinol, both the bromide and the chloride of which 
were prepared. These two naturally possessed different molecular 
rotations but the acids derived from each had identical molecular 
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TABLE I 


Titration Data and Dissociation Constants 


Substance 


Titration acid- 
ity 


(saturated) 


(saturated) 


M.F. observed 
against KCl 


Amount of 
E.M.F. KCl 

Keo X 10° 


. Methylphenyl- 
acetic acid* 

. Ethylpheny]- 
acetic acidt 

. Propylphe- 
nylacetic 
acidf 

. Previously de- 
scribed as 
methy]phe- 
nylpropionic 
acidt 

. Phenylpropi- 
onic acid* 

. Methylphe- 
nylpropionic 
acid, inac- 
tive§ 

. Methylphe- 
nylpropionic 
acid (disper- 
sion meas- 
urement )§ 

8. Methylphe- 

nylpropionic 

acid|| 

9. Ethylphenyl- 

propionic 

acid|| 


10. Previously de- 


scribed as 
ethyl phe- 
nylpropionic 
acidt 


| 


101.1 


101.1 


8 | 0.1 NaOH 


4.2; 


4.330 |4.6s 
4.7, 
4.350 |4.45 


0 |4.335 [4.62 
0.500, 0.244, |4.33, 


2.27 


50/0519, |0.244, |4.652 |2.2, 
1.5157|0.0819/2.52) 50/0.518, |0.2440 (4.64 |2.2, 
[0.2440 |4.63; [2.32 


0619/1.83 500.520, 0.244, |2.1, 


0.0661|1.92) |0.244; |4.47; |3.3s 


The pH values were determined potentiometrically at 25° in water- 
jacketed hydrogen electrode cells. Saturated KCl calomel electrodes were 
used as half-cell. The hydrogen electrodes were frequently calibrated 


— 2a 


| | 
| 
|_| 
97 50/0.500 i 
0.500; 
1100 .0615)1.72) 50/0.502, |0 
| 97 50 
|| 
| 
101.1 
105 a 
t 
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TABLE I—Concluded 


against 0.100 m HCl (pH 1.075). Measurements were made with approxi- 
mately 0.01 m acid solution to which 0.5 equivalent of NaOH had been 
added. pK was taken as equal to found pH. 

* Ostwald’s measurements. 

+ Substances 2 and 3 are substances of known structure prepared by 
Levene, Mikeska, and Passoth.' 

t Substances 4 and 10 were prepared from halides prepared by Levene, 
Mikeska, and Passoth' from the amines. They were mixtures containing 
primary and secondary halides. : 

§ Substances 6 and 7 were prepared as described by Levene and Marker q 
in a previous communication. * 


|| Substances 8 and 9 were prepared as described in this paper. q 
rotations, thus showing that the degree of racemization which 
accompanied these reactions is of identical magnitude. y 

a 
] 
q 
H—C—CH.Br — H—C—CH,COOH 
CH; CH; Jr q 
| | 4 C.Hs 
| | [M]> = —5.1° = —10.4° 
CeHu C.Hs 
CH; CH; » 
= 0.0° = —4.0° | | 

The 3,3-methylphenylpropionic and 3 ,3-ethylphenylpropionic 

acids were distinguished from the disubstituted acetic acids by N 


their dissociation constants, thus furnishing definite proof of their 
structure. All the dissociation constants are given in Table I. 
Configurational Relationship of 3,3-Methylphenylpropionic if 
Acid-1 and of 3, 3-Ethylphenylpropionic Acid-1—This correlation 
was established by the same method as described in previous 
communications; namely, by the fact that configurationally re- 
lated 3,3-methylphenylpropionic acid-1 and 3 ,3-ethylphenyl- 


i 3 Levene, P. A., and Marker, R. E., J. Biol. Chem., 93, 749 (1931). 
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propionic acid-1, led to two enantiomorphous methylethyl- 
phenylmethanes. 

Configurational Relationship of Disubstituted Phenylaied Acetic 
and Propionic Acids—On this occasion the correlation of the 2 ,2- 
methylphenylacetic acid-1 and 2,2-ethylphenylacetic acid-1 to 
the 3,3-methylphenylpropionic acid-1 and 3,3-ethylphenylpro- 
pionic acid-1 was established by comparing the carbinols derived 
from the substituted acetic acids with the carbinols which served 
as starting material for the preparation of the substituted pro- 
pionic acids. It was stated earlier! that the reduction of the esters 
of the disubstituted phenylated acetic acids led to inactive car- 
binols. It has now been found that by carrying out the reduction 
at a lower temperature, namely at that of boiling benzene instead 
of at that of boiling toluene, active material is obtained and there- 
fore the correlation through the carbinols has now been made 
possible. All the data bearing on the correlation of the acids of 
each series among themselves and of the acids of one series to the 
other are given in Table II. 

In Table III are given the relationship of the substituted phenyl- 
acetic to the corresponding cyclohexylacetic acids and also of 
the substituted 3-phenylpropionic acids to the corresponding 
cyclohexylpropionic acids. The results are the same as previously 
given, except in the case of ethylcyclohexylacetic acid. The rota- 
tion of this was stated to be of the same sign as that of the parent 
phenylacetic acid.!' It has now been found that the sign of rota- 
tion of the ethyleyclohexylacetic acid should be changed. Thus, 
in the case of the substituted cyclohexylacetic and of the cor- 
responding cyclohexylpropionic acid, the direction of rotation 
changes beginning with the second member of the homologous 
series. 

It may be mentioned here that a detailed study of the rearrange- 
ments in the course of the interreaction of nitrous acid and of 
nitrosyl chloride with the disubstituted phenylated ethylamines 


is now in progress. 
EXPERIMENTAL 


Dextro-Methylcycloherylacetic Acid—20 gm. of methylphenyl- 
acetic acid, [M]? = +35.1° (homogeneous), were dissolved in 25 
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ec. of glacial acetic acid and 2 gm. of platinic oxide were added. 
The product was shaken with hydrogen under a pressure of 50 
pounds per sq. inch until absorption was complete. Fresh catalyst 
was added and shaking continued an additional 24 hours to insure 
complete reduction. The catalyst was filtered from the product 


TABLE III 
Establishment of Configurational Relationship of Cycloheryl Acids by Reduc- 
tion of Corresponding Configurationally Related Phenyl Acids, 
[M]? (Homogeneous) (Not Maximum Rotations) 


Acetic acids Propionic acids* 
CH; CH; CH; CH; 
cooH H 2»COOH 
ban, ban, ba, 
—35.1 -8.1 +13.6 —0.4 
C.Hs C.Hs C.Hs 
H H 2COOH | H 
bo, 
— 46 +0.25 +25.3t +2.7 
C,H; (n) C;H; (n) C;H; (n) C,H; (n) 
H H| H H| H 2COOH | 2xCOOH 
bn, 
—16.0 +1.17 +11.8 +1.9 
(n) (n) 
H 2COOH | H 2COOH 
bat, 
+47.7 +9.7 


* Levene, P. A., and Marker, R. E., J. Biol. Chem., 97, 563 (1932). 
t In benzene. 


and the acetic acid removed by distillation. The residue was 
purified through the sodium salt. B. p. 105° at 3 mm.; yield 
12 gm. 


[a], = +5.2°; [MJ5 = +8.1° (homogeneous) 
4.515 mg. substance: 11.579 mg. CO, and 4.210 mg. H:O 
Calculated. C 69.2, H 10.3 
Found. ** 69.9, “ 10.3 
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Levo-Ethylcyclohexylacetic Acid—16.4 gm. of ethylphenylacetic 
acid, [MJ? = +46.7° (homogeneous), were dissolved in 25 cc. of 
glacial acetic acid and 2 gm. of platinic oxide were added. This 
was shaken with hydrogen and the product isolated as described 
for methyleyclohexylacetic acid. B. p. 120° at 3 mm. 


[a], = —0.15°; [MJ5 = —0.26° (homogeneous) 
4.112 mg. substance: 10.695 mg. CO: and 4.040 mg. H.0 
CicHisO2. Calculated. C 70.5, H 10.7 
Found. “ 71.0, 11.0 


Levo-n-Propyleyclohexylacetic Acid—10 gm. of n-propylphenyl- 
acetic acid, [M]? = +16.0°, were dissolved in 25 ce. of glacial 
acetic acid and 2 gm. of platinic oxide were added. Reduction 
was carried out as described for methyleyclohexylacetic acid. 
B. p. 140° at 4 mm. 


[a], = —0.64°; [MJ> = —1.18° (homogeneous) 
4.046 mg. substance: 10.681 mg. CO, and 4.020 mg. H,O 
Cy:H2002. Calculated. C 71.7, H 10.9 
Found. “72.0, 11.1 


Dezxtro-Methylphenylethanol—400 gm. of the inactive carbinol 
were prepared by reduction of the ethyl ester of methylphenyl- 
acetic acid. 

275 gm. of the carbinol were converted into the nitrophthalic 
ester by dissolving in 300 cc. of pyridine and adding 400 gm. of 
3-nitrophthalic anhydride. The mixture was heated for 1 hour 
on the steam bath and then worked up as previously described 
for phthalates. 

The 3-nitrophthalic ester was resolved as described by Cohen, 
Marshall, and Woodman by crystallizing its brucine salt, first from 
ethyl acetate and then from alcohol. It was not resolved to the 
maximum rotation as this was unnecessary for the purpose in 
hand. The carbinol was isolated and distilled. B. p. 92° at 4mm. 


9.05° 
[a], = a = +9.07°; (MI, = +12.34° (homogeneous) 
4.326 mg. substance: 12.575 mg. CO, and 3.415 mg. H,O 

C,H.,0. Calculated. C 79.4, H 8.9 
Found. “79.3, “ 8.8 
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Levo-Ethylphenylethanol—The inactive carbinol was prepared 
by reduction of the ethyl ester of ethylphenylacetic acid. This 
was converted into the nitrophthalic ester as described for methyl- 
phenylethanol, and resolved by extracting its strychnine salt with 
hot methylethyl ketone. Resolution was not carried to the maxi- 
mum. On decomposition a phthalate of [a]?? = +2.0° (in aleohol) 
gave a carbinol having a boiling point of 86° at 1 mm. 


—1.90° 


[a], = 1x 0.985 —1.93°; = —2.90° (homogeneous) 


3.757 mg. substance: 10.990 mg. CO. and 3.095 mg. H.O 
,0. Calculated. Cc 79.9, H 9.4 
Found. “79.6, 9.2 


Methylcyclohexylethanol—10 gm. of methylphenylethanol, [M]® 
= —2.88° (homogeneous), were dissolved in 20 cc. of glacial acetic 
acid and 1 gm. of platinic oxide was added. The product was 
shaken with hydrogen under a pressure of 40 pounds per sq. inch 
until reduction was complete. The product was dissolved in 
sodium carbonate solution and the carbinol extracted with ether. 
The ether solution was dried, filtered, and the filtrate evaporated. 
The carbinol either racemized during reduction or had a rotation 
of [a]? = 0°. B. p. 84° at 2mm. 


3.275 mg. substance: 9.151 mg. CO, and 3.745 mg. H.O 
C,H,;0. Calculated. C 76.0, H 12.8 
Found. 


Levo-1-Bromo-2-Phenylpropane—20 gm. of methylphenyleth- 
anol, [M];’ = —3.96° (homogeneous), were cooled in ice and 30 gm. 
of phosphorus tribromide were added. The product was allowed 
to stand overnight and then was warmed for 1 hour on a steam 
bath. The bromide was isolated and purified as previously 
described. B. p. 78° at 1 mm.; yield 22 gm.; n% = 1.5448. 


—3.35° 
Tx 1300 2.56°; 5.09° (homogeneous) 
5.665 mg. substance: 11.295 mg. CO, and 2.760 mg. H,O 
0.1033 gm. ad : 0.0978 gm. AgBr 

C,H, Br. Calculated. C 54.3, H 5.6, Br 40.2 
Found. 54.4, 5.5, 40.3 
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Levo-1-Chloro-2-Phenylpropane-—10 gm. of methylphenyletha- 
nol, [M]?’ = —3.96° (homogeneous), were cooled in ice and 25 gm. 
of phosphorus trichloride were added. The mixture was allowed 
to stand overnight, heated for 2 hours on a steam bath, cooled, 
poured onto ice, and the product isolated as usual. B. p. 72° at 
1 mm. 


—2.05° 


= 1 x 1.027 = —2.00°; = —3.08° (homogeneous) 


4.320 mg. substance: 11.173 mg. CO, and 2.790 mg. H,O 
C;HiCl. Calculated. C 69.9, H 7.2 
Found. 70.5, 7.2 


Levo-Methylphenylpropionic Acid—20 gm. of 1-bromo-2-phenyl- 
propane, [MJ]? = —5.09° (homogeneous), were converted into a 
Grignard reagent by dropping into a suspension of 3 gm. of finely 
divided magnesium in 200 cc. of dry ether. After the Grignard 
reagent had formed, the product was cooled in ice and carbon 
dioxide was passed in for 30 minutes. The acid was isolated and 
purified through its sodium salt. B. p. 127° at 1 mm.; yield 11 
gm.; = 1.5138. 


—6.33°; = —10.39° (homogeneous) 


4.493 mg. substance: 12.100 mg. CO; and 3.035 mg. H:O 
CioHi202. Calculated. C 73.1, H 7.4 
Found. TS 


15 gm. of 1-chloro-2-phenylpropane, [MJ® = —3.09° (homo- 
geneous), were converted into a Grignard reagent as described 
above. This was converted into the acid by means of carbon 
dioxide. It was purified through its sodium salt and distilled. 
B. p. 127° at 1 mm.; n® = 1.5135. 


= = —6.30°; (MI; = —10.35° (homogeneous) 


4.780 mg. substance: 12.875 mg. CO, and 3.220 mg. H:0 
CioHi202. Calculated. C 73.1, H 7.4 
Found. 
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Dextro-1-Bromo-2-Phenylbutane—40 gm. of ethylphenylethanol, 
[Mj = —2.88° (homogeneous), were cooled in ice and 100 gm. 
of phosphorus tribromide were dropped in with stirring. The 
product was allowed to stand overnight, and then was heated for 
1 hour on a steam bath. The product was poured onto ice, and 
the halide purified as usual. B. p. 87° at 1 mm.; D 25/4 = 1.290, 


+1.08° 
1 X 1.290 


= +0.84°; [MJ} = +1.78° (homogeneous) 


3.875 mg. substance: 7.986 mg. CO: and 2.135 mg. HO 


0.1192 gm. ° : 0.1054 gm. AgBr 
CioH;;Br. Calculated. C 56.3, H 6.2, Br 37.5 
Found. 66.2, 6.32, 37.6 


Dextro-Ethylphenylpropionic Acid—53 gm. of 1-bromo-2-phenyl- 
butane, [MJ]? = +1.51° (homogeneous), were dropped onto 6 gm. 
of magnesium in ether. After the Grignard reagent had formed, 
it was divided into two portions. Into the first portion was 
passed carbon dioxide to form the acid. This was isolated as 
usual and purified through its sodium salt. B. p. 124° at 1 mm.; 
yield 6 gm. 

[a], = +3.95°; [MJ]; = +7.04° (homogeneous) 


+1.15° X 100 


= +4.46°; = +7.94° (in benzene) 


3.867 mg. substance: 10.480 mg. CO: and 2.620 mg. H.0 
CuH"O,. Calculated. C 74.1, H 7.9 
Found. 


Levo-2-Phenylbutane—One-half of the Grignard reagent from 
1-bromo-2-phenylbutane was poured onto ice and hydrochloric 
acid. The hydrocarbon was extracted with ether, distilled from 
sodium, then shaken with palladium and hydrogen to reduce any 
unsaturated compounds. It was then distilled from sodium. B. 
p. 68° at 20 mm.; yield 4 gm. 


—1.85° 
= —2.13°; [MJ]; = —2.86° (homogeneous) 
3.495 mg. substance: 11,468 mg. CO, and 3.330 mg. H,0 

Ci oH. Calculated. Cc 89.5, H 10.5 
Found. 89.5, “ 10.7 
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Ethyl Ester of Levo-Methylphenylacetic Actd—25 gm. of methyl- 
phenylacetic acid, [M]? = —111.6° (homogeneous), were dissolved 
in 100 cc. of absolute alcohol containing 2 cc. of concentrated 
sulfuric acid. The product was heated for 1 hour on a steam bath. 
The ester was isolated, and then distilled. B. p. 85° at 4 mm.; 
yield 25 gm. 


[a], = —59.6°; [MJ]; = —106.0° (homogeneous) 


Dezxtro-Methylphenylethanol—It was found that the usual 
method of reduction of the esters of the phenylacetic acids by 
means of sodium in toluene gave racemic alcohols. To minimize 
this racemization the reductions were carried out in boiling abso- 
lute alcohol to keep the temperature lower. This did not give as 
much racemization as the other method, and carbinols of a fair 
degree of activity were produced. 

25 gm. of ethyl ester of methylphenylacetic acid, [M]> = 
—106.0° (homogeneous), were dissolved in 400 cc. of absolute 
alcohol and reduced by adding 40 gm. of sodium in small pieces 
with stirring. The carbinol was purified through its 3-nitro- 
phthalic ester. B. p. 92° at 4 mm.; yield 14 gm. 


= = +3.35°; = +4.55° (homogeneous) 


4.705 mg. substance: 13.752 mg. CO, and 3.670 mg. H,O 
C,H;,0. Calculated. C 79.4, H 8.9 
Found. 


Levo-Ethyl Ester of Ethylphenylacetic Acid—35 gm. of ethyl- 
phenylacetic acid, |MJ?> = —140.0° (homogeneous), were dissolved 
in 100 ce. of absolute alcohol containing 2 cc. of sulfuric acid. The 
solution was heated for 1 hour on a steam bath, and then the ester 
was isolated. B. p. 105° at 4 mm.; yield 34 gm. 


[a], = —66.8°; [MJ], = —128.2° (homogeneous) 


Levo-Ethylphenylethanol—34 gm. of the ethyl ester of ethyl- 
phenylacetic acid were dissolved in 500 cc. of absolute alcohol 
and reduced by stirring with 50 gm. of sodium. The carbinol 
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was purified through its 3-nitrophthalic ester. B. p. 95° at 2 
mm.; yield 20 gm. 


—2.65° 
= 7X 0.985 


= —2.69°; = —4.03° 


3.428 mg. substance: 10.085 mg. CO, and 2.965 mg. H.O 
CioH:,0. Calculated. C 80.0, H 9.4 
Found. ** 80.2, “* 9.7 
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STUDIES ON MAGNESIUM DEFICIENCY IN ANIMALS* 


Ill. CHEMICAL CHANGES IN THE BLOOD FOLLOWING 
MAGNESIUM DEPRIVATION 


By H. D. KRUSE, ELSA R. ORENT,t anv E. V. McCOLLUM 


(From the Biochemical Laboratory, School of Hygiene and Public Health, 
the Johns Hopkins University, Baltimore) 


(Received for publication, January 23, 1933) 


The restriction of young rats to a ration containing only 1.8 
parts per million of magnesium but adequate amounts of other 
dietary constituents leads to the development of a specific symp- 
tomatology that is characterized by a striking series of events 
(1). In the course of the syndrome the animals pass successively 
through stages of vasodilatation, hyperirritability, trophic dis- 
turbances, and fatal tonic-clonic convulsions. This morbid con- 
dition, so rapid in its onset, so short and stormy in its course, 
and so fatal in its termination, leaves no doubt that magnesium 
is an essential element for the animal body. 

When the study of magnesium deprivation was extended to the 
dog, it was found that in the main the same symptoms appeared 


CORRECTION 
On page 36, Vol. xeviii, No. 1, October, 1932, line 10, read 4 cc. of water 
and 5 cc. of a saturated magnesium-sodium sulfate solution for 9 cc. of a sat- 
urated magnesium-sodium sulfate solution. 
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The restriction of young rats to a ration containing only 1.8 
parts per million of magnesium but adequate amounts of other 
dietary constituents leads to the development of a specific symp- 
tomatology that is characterized by a striking series of events 
(1). In the course of the syndrome the animals pass successively 
through stages of vasodilatation, hyperirritability, trophic dis- 
turbances, and fatal tonic-clonic convulsions. This morbid con- 
dition, so rapid in its onset, so short and stormy in its course, 
and so fatal in its termination, leaves no doubt that magnesium 
is an essential element for the animal body. 

When the study of magnesium deprivation was extended to the 
dog, it was found that in the main the same symptoms appeared 
as in the rat, but the prominence of certain symptoms was not 
identical in the two species (2). In the dog the vasodilatation, 
hyperexcitability, and convulsions were less intense, while trophic 
changes were more conspicuous. Furthermore, the dog showed 
evidence of impaired nutrition, a circumstance seldom seen in 
the young rat. It was believed that the inherently more stable 
nervous system of the dog permitted it to survive for a sufficient 
time to show nutritive changes. In any event these differences 
in behavior were only a matter of degree, because convulsions 
lead to death in both species. Out of this comparative study 


* Presented before the meeting of the American Society of Biological 
Chemists at Philadelphia, April, 1932. 
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of the syndrome came the view that magnesium deficiency mani- 
fests itself locally by increased irritability of the nervous system, 
and constitutionally by nutritive failure. The former is always 
present and in ascendency; the latter sets in under conditions 
governed apparently by age and species. 

In explaining the character of the symptom complex induced 
by magnesium deprivation, the opinion was expressed that vaso- 
dilatation, hyperirritability, and tonic-clonic convulsions indi- 
cated a condition that belonged in the category of tetany, using 
the term in its broadest sense. In the variety of tetany seen 
most frequently in the clinic, the salient features are carpopedal 
spasm or laryngospasm and hyperexcitability, which may even- 
tuate, if sufficiently severe, in tonic-clonic convulsions; further- 
more, the most constant finding is a lowered calcium concentra- 
tion in the blood. Because of its predominant incidence in 
humans, gradually this one variety monopolized the term tetany. 
Thereby the term has become so narrowed that many now look 
upon tetany and its low calcium form as synonymous. If we 
return to the original conception, which rested upon the work of 
physiologists on isolated nerves, we see that tetany was regarded 
as a condition producible by several means, among them lowered 
magnesium. In this light, the conclusion that the syndrome 
arising from magnesium deprivation is tetany finds support not 
only from the appropriate symptomatology but also from the 
theoretical considerations of etiology. 

By definition all forms of tetany should exhibit hyperirritability 
and tonic-clonic convulsions. It is necessary, therefore, to dif- 
ferentiate magnesium tetany from other kinds, particularly the 
infantile or hypocalcemic form. On the basis of symptomatology, 
magnesium tetany is distinguishable in that it shows neither 
carpopedal spasm nor laryngospasm; furthermore, it presents a 
unique symptom, vasodilatation, which in all likelihood is a 
vasomotor spasm, and which is not seen in any other variety of 
tetany. In the search for further differential features attention 
has been directed to the composition of blood, because each form 
of tetany has its specific blood picture. In addition, it did not 
seem improbable that examination of the blood might shed some 
light on the mechanism of the nutritive failure, often a feature of 
magnesium deficiency. A comprehensive study of the changes 
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in the blood of animals deprived of magnesium has, therefore, 
been undertaken in order to ascertain (a) the behavior of ions that 
might be responsible for the heightened irritability of the nervous 
system, with the thought of demonstrating the differential char- 
acter of magnesium tetany, and (b) the changes in the ordinary 
blood constituents that might be linked with impaired nutrition. 

Technique—6 week-old dogs, of the same weight whenever 
possible, were used as experimental animals. That the animals 
have an initial weight not exceeding 2.7 kilos has been found 
advantageous, since they usually have a short survival period. 
In those instances in which we were compelled to use slightly 
heavier animals, as was te be expected, the survival period was 
much prolonged. When first obtained the animals were placed 
for a preliminary period of 2 to 7 days on the stock diet used in 
our rat colony, in order that they might become accustomed to 
consuming a dry, comminuted ration, and that they might derive 
the nutritive benefits of the stock mixture. After a blood sample 
was drawn, the animals were restricted to the magnesium-deficient 
diet, containing only 1.8 parts per million of the element but ade- 
quate amounts of other dietary constituents for the period over 
which this investigation was conducted. The control animals 
received the same preliminary treatment, but after the initial 
blood sample was drawn they were placed upon the control diet, 
consisting of the magnesium-deficient diet plus added magnesium 
in the form of MgSO,-7H,O. For details concerning the compo- 
sition and preparation of these rations, a previously published 
description may be consulted (1). 

Throughout the period of magnesium deprivation determina- 
tions were made weekly on the following blood constituents: 
sodium, potassium, calcium, magnesium, inorganic phosphorus, 
fatty acids, total cholesterol, cholesterol esters, lipoid phos- 
phorus, bilirubin, carbon dioxide capacity, chlorides, fibrino- 
gen, albumin, globulin, non-protein nitrogen, glucose, creatine, 
creatinine, and volume percentage of erythrocytes. These con- 
stituents were separated into five groups and two dogs on the 
magnesium-deficient diet were used in the determinations of each 
group. Likewise, each constituent was determined on one con- 
trol animal receiving the adequate control diet. The determina- 
tion of magnesium was made weekly on every dog so that changes 
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in the constituents of any group could be correlated with the con- 
centration of magnesium in the blood at that time. 

Certain distinct advantages accrued from the plan of weekly 
analyses of the blood. It permitted the establishment of the 
time of change in any constituent, the sequence of changes and 
their interrelation, the duration of any change, as well as it per- 
mitted each experimental animal to serve as its own control, 
particularly in those instances in which changes appeared late 
in the deficiency period. This last point is of particular impor- 
tance in the study of the lipids, since Terroine has cautioned 
that the lipid concentration in different dogs may fall within such 
a range that changes cannot be compared so effectively as in the 
same dog (3), an opinion with which Leites concurs (4). 

Each blood sample was taken 16 hours after food had been 
withheld from the animal; i.e., in the postabsorptive condition. 
Usually 15 cc. of blood were withdrawn by cardiac puncture 
weekly from each experimental dog. In order that any doubts 
concerning the possible effect of blood loss might be eliminated, 
a slightly larger amount of blood was always withdrawn from 
control animals. The latter never showed any change in the 
blood constituents. Moreover, the possibility of in vitro changes 
in the blood was prevented by conducting the analyses imme- 
diately upon obtaining the samples. 

The following methods were used for determining the concen- 
tration of the various constituents in the blood: sodium (serum), 
that of Kerr (5), which is a modification of the method of Kramer 
and Gittleman (6); potassium (serum), that of Kerr (5), which 
is a modification of the method of Kramer and Tisdall (7); cal- 
cium (serum), that of Tisdall (8), which is a modification of the 
method of Kramer and Tisdall (9) ; inorganic phosphorus (serum), 
that of Fiske and Subbarow (10); magnesium (serum), the unpub- 
lished modification! by Gittleman and Grayzel of the method of 
Kramer and Tisdall (9); chlorides (whole blood), that of Wilson 
and Ball (11), which is a modification of the method of Van Slyke 
(12); fatty acids (plasma), that of Bloor, Pelkan, and Allen (13) 
and Bloor (14); total cholesterol and cholesterol esters (plasma), 

1 After calcium has been removed as oxalate, the magnesium is precipi- 


tated as MgNH,PO,-6H,0, which is estimated by the colorimetric phos- 
phorus method of Fiske and Subbarow (see above). 
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that of Bloor and Knudson (15); lipoid phosphorus (whole blood), 
that of Bloor (16) and Benedict and Theis (17); total fat (plasma), 
calculated as the sum of fatty acids and total cholesterol; free 
cholesterol (plasma), calculated as the difference between total 
cholesterol and cholesterol esters; albumin, fibrinogen, and glob- 
ulin (plasma), the method of Wu (18); non-protein nitrogen, 
preformed creatinine, and creatine (whole blood), that of Folin 
and Wu (19); sugar (whole blood), that of Benedict (20); CO, 
capacity (plasma), that of Van Slyke and Cullen (21), Van Slyke 
(22), and Van Slyke and Stadie (23); bilirubin (serum), that of 
van den Bergh (24) and Barron (25); erythrocyte volume (whole 
blood), that of Van Allen (26). 

Since all determinations were continued at weekly intervals in 
the deficient animals until the inevitable onset of fatal convul- 
sions, care was exercised in compiling the data that the character- 
istic changes due to magnesium deprivation should not be com- 
plicated by the effects of convulsions. In most instances, the 
animal fell into convulsions several hours or even days after what 
eventuated to be the final bleeding, in which case the final blood 
picture was that of the deficiency uncomplicated by the fluctuat- 
ing chemical changes occurring in the convulsive state. Where 
the final determination represents data on blood drawn during 
convulsions, we have so noted in the records so that these results 
may receive separate consideration. In the main, analyses were 
conducted on the blood of the control dogs for the same period of 
time as on the respective experimental animals, after which the 
determinations were discontinued with the former animals in 
excellent condition. Because of the limitations of time and 
space, in two instances the analyses on the control animals were 
discontinued 3 to 4 weeks short of the survival period of the ex- 
perimental dogs. In both cases, however, previous preliminary 
studies had indicated that these constituents would undergo no 
change due to magnesium deficiency. 


Results 


The first change that appeared in the blood of the animals 
deprived of magnesium was an early and progressive decrease in 
the magnesium content. In this immediate decline of the mag- 
nesium curve the relative decrease amounted in many cases to 
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50 per cent, sometimes in 2 weeks. By the 5th week the abso- 
lute values were usually less than 1 mg. per 100 cc. of serum 
(Charts I to III and Tables III to V); a level between 0.5 and 0.9 
mg. was the rule. When the magnesium values had fallen to this 
extent, they tended to remain at this low plane so that after the 
5th week the curve was a straight line. In those cases in which 
the animals succumbed rapidly to the deficiency, at times they 
had fatal convulsions when the falling level of magnesium reached 
1 mg. per 100 cc. of serum. In contrast, the average concentra- 
tion of magnesium in the blood of the control animals throughout 


WEEKS ON DIET 


Cuart I. Level of magnesium in serum of animals while on a magnesium- 
deficient diet as contrasted with that of an animal on a ration containing 
adequate magnesium. The curves with the solid lines indicate the weekly 
values for animals on the magnesium-deficient diet; that with the broken 
line, the weekly values for the normal control animal on the magnesium- 
deficient diet with added magnesium salt. The numeral at the termina- 
tion of each curve is the identification number of the animal. 


the period of experimentation lay between 2.1 and 2.3 mg. per 
100 ce. of serum, with values sometimes reaching 2.9 mg. but 
never falling below 1.63 mg. 

After the magnesium concentration of the blood had reached 
a low level, “fat clots” appeared not infrequently in the plasma, 
and analyses indicated a disturbance in the lipids. The abnor- 
mal concentration of certain lipids occurred in both experimental 
animals by the 5th week of the magnesium-deficient diet, and 
remained persistent for the remainder of the survival period. On 
the other hand, the control animals always yielded normal figures 
for all lipids. In view of Terroine’s ascertainment that normal 
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values for the various fat constituents fall within fairly narrow 
limits for different members of the same species but that even 
more constant figures are obtained by repeated determinations 
on the same animal, the late appearance of the lipid disturbance 
recommended that the values for the period of abnormality be 
contrasted with those for the normal period in the same animal. 
Hence, the lipid values of the experimental animals during the 
first 4 weeks on the magnesium-deficient ration, before the onset 
of fat disturbance, have been separated and regarded as pro- 
dromal figures against which the abnormal values during the 
ensuing period may be set down. 

Furthermore, since each of the two periods included determina- 
tions extending over some weeks, for purposes of contrast the 
arithmetical mean of each lipid constituent for each period was 
calculated. Similarly the arithmetical mean for each fat con- 
stituent, derived likewise from weekly determinations, was com- 
puted for the control dog. By thus arranging the data on the 
blood lipids of the experimental animals into two periods, the 
prodromal period with normal values and the subsequent period 
with marked changes, the principal criticism against the use of 
the arithmetical average, that very large or very small values 
seriously affect it, becomes innocuous. As was to be expected, 
the prodromal figures (Table II) show no deviation that could 
evoke criticism. They yield arithmetical averages for the vari- 
ous lipids of the experimental animals that agree strikingly well 
with the normal averages for the respective constituents of the 
control dog (Table I). In this manner the means for the pro- 
dromal period of the experimental dogs may be employed just 
as effectively as the averages for the control dog in judging the 
extent to which the lipids of the experimental dogs undergo 
change in the second period. Furthermore, the abnormal values 
typifying the second period occur so consistently and fall within 
such satisfactory limits as to furnish an average that is truly 
representative of the disturbance. 

It should be mentioned that the final blood sample was drawn 
from experimental Dog 47 after it had been in the convulsive 
state for 54 hours, so that values reflected not only the effects of 
the previously disturbed metabolism but also changes dependent 
upon convulsions. As respects at least two constituents, total 
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fat and lipoid phosphorus, figures were obtained which had not 
been previously shown by the animal and which were never shown 
by the other experimental dog. These values were of sufficient 
deviation to affect seriously the mean for the two constituents. 
In order that the complication of convulsions might not confuse 
the picture, the mean figures for Dog 47 in the second period 
were recalculated with omission of the final values (Table I, fifth 
entry). By this exclusion of the effects of convulsions the revised 
averages for Dog 47 agree well with the mean values for Dog 48, 
so that in both the data for the second period may be said to 
represent strictly the results of magnesium deficiency. If these 
explanations are borne in mind, the means of the lipids during the 
two periods may be consulted and contrasted. 

Throughout the survival period on the magnesium-deficient 
diet the experimental animals showed in their plasma no change 
in the concentration of total fat. For example, during the pro- 
dromal period Dog 47 exhibited an average of 427.8 mg. of total 
fat per 100 cc. of plasma (Table I); during the period thereafter, 
when the concentration of certain lipids underwent alteration, the 
average for total fat remained practically constant, being 428.7 
mg. In like manner Dog 48 in the first period had an average 
for total fat of 450.8 mg. as compared with 449.6 mg. during the 
second period. Moreover, these values for both dogs during both 
periods corresponded closely to the average, 405.8 mg., for the 
control dog. 

Other lipids, however, in the experimental animals were not 
without change, among them total cholesterol. In order that the 
extent of alteration may be appreciated, it is not amiss to record 
the total cholesterol values, as determined for the control dog; 
namely, an average of 152.8 mg. per 100 cc. of plasma (Table 1), 
with values most frequently (77 per cent of the determinations 
for 18 weeks) between 130 and 170 mg. (Table II). For the first 
4 weeks on the magnesium-deficient diet experimental Dogs 47 
and 48 showed values for total cholesterol that were within the 
control limits, the respective averages being 159.6 and 168.9 mg. 
But in the 5th week the total cholesterol values for the experi- 
mental animals began to rise and, after reaching a peak, main- 
tained a high plane continuously until death. During this second 
period the cholesterol values for Dogs 47 and 48 averaged respec- 
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tively 262.8 and 276.6 mg. per 100 cc. of plasma, representing an 
increase in both instances of approximately 65 per cent over the 
figures for the prodromal period. For Dog 47 the maximum 
figure of total cholesterol during the second stage was 333.3 mg.; 
while Dog 48 at one point even attained the level of 400 mg. 


TABLE II1—Effect of M. 


_ Weekly values for Dog 47° and Dog 48¢° on magnesium-deficient Diet 10 are 
magnesium salt (Diet 11).* 


Weight Total 100 ce. 
Wks. on diet 
Dog 49 | Dog 47| Dog 48) Dog 49 Dog 47 | Dog 48 | Dog 49 | Dog 47| Dog 48| Dive 
ko. | ho. | kg. mg. | mg. | mg. | mg. 
Preliminary | 4.08 | 3.52 | 4.08 | 20 27 31 442.2'463.8 | 493.1/262.1 
1 ' 4.20 | 3.97 | 4.42 | 28 19 20 380 .0)449.5 | 410.5)202. 
2 4.20 | 3.85 | 4.53 | 26 28 21 423 .2'380.0 | 440.6/270. 
3 4.31 | 3.18 | 4.76 | 23 27 38 410.8)415.6 | 461.2/263. 
4 4.53 | 2.84 | 4.76 | 19 19 35 400 .0|430.0 | 448.6236. 
5 4.65 | 2.61 | 5.22 | 23 18 38 442.0/416.2 | 432.4/251. 
6 4.08 | 2.61 | 5.10 | 15 18 39 459.4/441.3 | 452.2)316. 
7 4.31 | 2.38 | 5.33 | 24 13 31 451.0/562.1¢| 486.4/300. 
8 4.65 5.44 | 25 35 456.9 562. 1/292. 
9 4.88 5.33 | 25 36 419.0 560 .0/250. 
10 4.88 5.33 | 29 32 449.3 551 .3/314.1 
4.99 5.44 | 28 40 392.0 483 . 7/229. 
12 5.44 5.33 | 27 42 359.7 440 .6/209.3 
13 5.44 5.44 | 30 17 373.0 369. 1/232. 
14 5.56 5.56 | 26 32 354. 346 .0/242.9 
15 5.56 5.44 | 31 33 374. 394. 6/238 .3 
16 5.67 5.78 | 31 35 344. 380 .0/203. 
17 5.90 5.33 | 25 15 372. 386. 4/239 .1 
See 25.3 | 21.1 | 31.7 | 405.8/444.8 | 449.9/253. 
Maximum 31.0 | 28.0 | 42.0 | 456.9/562.1 | 562.1/316. 
Minimum 15.0 | 13.0 | 15.0 | 344.8/380.0 | 346. 202.0 


* For magnesium values of these dogs see Chart IT. 
¢ Animal was in convulsions when blood was drawn. 


A study of the partition of total cholesterol, for the purpose 
of ascertaining which portion contributes to the increase, reveals 
in the two experimental animals a dissimilar behavior of free 
cholesterol (Tables I and II). During the prodromal period 
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experimental Dog 47 had an average of 65.5 mg. of free choles- 
terol per 100 cc. of plasma, a figure which compares favorably 
with 66.9 mg. recorded in the same period for experimental Dog 
48 as well as with 61.4 mg. registered for the control animal. In 
the second period, however, the free cholesterol in Dog 47 suffered 


M ivation on Blood Lipids 

are @iwith those fora control dog (Dog 49c") on the magnesium-deficient diet with added 
atty aff Total cholesterol Cholesterol esters | Cholesterol esters | Lipoid P per 100 cc. 
ce. per 100 cc. plasma | per 100 cc. plasma | per 100 cc. plasma Free cholesterol blood 
ig. mg. | mg. | mg. | mg. mg. mg. | mg. mg. mg. mg. 
2.1 .1)159.1/172.5| 72.2) 69.1) 74.5)107.9| 90.0) 98.0/1.494/1.302)1.315 12.3 
2 .8|159.0) 62.9) 75.8) 55.9|115.1) 13.6 
). 21218153 .0|169 .0/177.0) 58.0) 79.8) 85.2) 95.0) 89.2) 12.6 
3 .0|162 .0)169.5) 46.0) 65.9) 68.5/101.0) 96.1/101 .0/2.195)1.458)1.474 11.1 
.0/208164 0/135 65.0) 37.0) 50.6) 99.0) 15.3 
|. 1/192 .3|222.2) 66.5) 28.3) 16.8 
5. .3|270.2) 82.2) 67.0) 71.5) 12.6 
2/281 61.8) 58.1) 61.9) 25.6 
2.0) 9164.9 370.6) 73.2 104.0) 91.7 266 .6'1.253 2.563 18.7 
169. 374.4| 89.0 114.4) 80. 260 .0'0.898 2.273 7.4 
$.1) $135.2 400.0) 49.3 126.7) 85.9 273 .3)1.742 2.157 9.2 
9.9] 8162.1 292.1) 63.1 92.2) 99.0 199 .9/1.569 2.168 14.4 
9.3) 9150.4 297.3) 51.4 75.1) 99.0 222 .2)1.926 2.959 14.4 
2.0} 222.0) 53.3 22.0) 87.7 200 .645 9.091 13.3 
2.9} Bill.1 192.7) 31.8 41.8) 79.3 150.9)/2.494 3.610 12.5 
3.3) 9136.3 214.3) 65.4 60.3) 70.9 154.0/1.084 2.554 12.0 
3.9) 8140.9 217.4) 51.6 54.1) 89.3 163 .3/1.731 3.018 11.8 
).1) 9133.7 242.0) 62.3 63.4) 71.4 178.6)1.1 2.817 13.8 
52.8}199 .2|246.7| 61.4) 60.1) 72.7) 13.7 
90. 1/333 .3'400.0) 89.0) 79.8)/126.7|123 6/266. 3/273 .3/2.494/5.857/9.091 25.6 
11 1/135.0|159.0 31.8) 28.3) 22.0) 60.6) 90.0) 7.4 


a 27 per cent decrease in dropping to a level which averaged 47.6 
mg. Therefore, in this instance not only did the free cholesterol 
not contribute to the increase of total cholesterol; it actually 


operated in the converse direction. 


On the other hand, from the 
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prodromal average of 66.9 mg., the free cholesterol in Dog 48 rose 
subsequently until its mean figure in the second period amounted 
to 74.9 mg., denoting an inconsiderable increase of 12 per cent. 
In this case the free cholesterol does participate, but only to a 
minor degree, in the hypercholesterolemia. 

Since free cholesterol shares slightly or not at all in the hyper- 
cholesterolemia, it follows that cholesterol esters must be respon- 
sible for the rise in total cholesterol. In the control dog the 
values for cholesterol esters ranged between 60.6 and 123.6 mg. 
per 100 cc. of plasma (Table II) with limits in 83 per cent of the 
analyses between 70 and 110 mg. and an average for all deter- 
minations of 91.4 mg. (Table I). Until the 5th week on the 
magnesium-poor ration experimental Dogs 47 and 48 exhibited 
normal figures for cholesterol esters (Table I), the respective 
averages being 94.1 and 101.9 mg. Thereafter, however, in 
both animals appeared an increase in cholesterol esters which 
persisted until death. At one point Dog 47 attained a peak of 
266.3 mg. (Table II), while Dog 48 exceeded that by reaching a 
value of 273.3 mg. Indeed, these inordinate increases in choles- 
terol esters during the second period are reflected in the averages; 
Dogs 47 and 48 maintained the high levels of 215.1 and 201.7 mg. 
respectively (Table I), representing advances of 128 per cent and 
98 per cent over their figures during the prodromal period. To 
cholesterol esters, then, may be ascribed the marked increase in 
total cholesterol. Just how much higher the absolute figures 
would have been if serum had been used instead of plasma is an 
interesting speculation, since Shope has pointed out that serum 
displays a higher content of cholesterol esters than does oxalated 
plasma (27). 

This preponderant increase in cholesterol esters assumes sig- 
nificance in the light of recorded statements regarding their con- 


cholesterol esters 
stancy when expressed either as percentage in total cholesterol’ 
cholesterol esters 


free cholesterol 
cholesterol partition in the blood serum of patients presenting 
various pathological conditions, Birger and Beumer (28) averred 
that in general the values for free cholesterol appeared never to 
fall below 30 per cent of the total cholesterol; 7.e., cholesterol 


After examining the 


or as the quotient in 
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esters never constituted more than 70 per cent of total cholesterol. 
From analyses on normal human plasma Bloor and Knudson (29) 
recorded the average percentage of cholesterol esters in men as 
57.5 with variations from 46 to 68; in women as 59.7 with varia- 
tions from 51 to 70. Feigl (30) found similar values. But the 
salient point in the report of Bloor and Knudson is their comment, 
“In pathological conditions the relation between free and bound 
cholesterol remains normal in most instances.” In accord with 
this statement, although expressed in a different mathematical 
relationship, is the experience of Wacker and Hueck (31) that in 
blood serum the ratio of free cholesterol to cholesterol esters 
remains almost constant. 

These examples of the almost inflexible relationship between 
cholesterol esters and free cholesterol, consequently also total 
cholesterol, were sufficient to level attention at similar ratios in 
the dogs deprived of magnesium. As a basis for comparison, it 
should be mentioned that the average percentage of cholesterol 
in the combined form in the control dog was 59.8 (Table I), with 
variations from 42.4 to 71.4 (Chart II). During the prodromal 
period experimental Dogs 47 and 48 showed mean values in per- 
centage for cholesterol esters of 58.9 and 60.3 respectively (Table 
I), with variations within the same limits as for the control dog. 
But in the second period the predominant absolute increase in 
cholesterol esters, unattended by any similar change in free cho- 
lesterol, advanced the percentage of cholesterol esters so that the 
mean values for Dogs 47 and 48 were respectively 81.8 and 72.9 
(Table I). On one occasion Dog 47 had 85.4 per cent of its cho- 
lesterol in the form of esters, while Dog 48 even surpassed that 
figure by having 90.1 per cent. It should be emphasized that the 
abnormal increase in percentage of bound cholesterol prevailed 
throughout the second period (Chart II). When the ratio of 
cholesterol esters to free cholesterol is examined, it is seen that it 
also underwent alteration in the experimental animals. From 
average values of 1.44 and 1.52 for the prodromal periods of Dogs 
47 and 48 respectively, the cholesterol ester coefficient during the 
second period (Table I) rose to 4.52 and 2.69. Immutable as is 
usually the relationship of cholesterol esters with both free and 
total cholesterol, it is evident that it is definitely shifted as the 
result of magnesium deprivation. 
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Inasmuch as total fat, a calculated value representing the sum 
of fatty acids and total cholesterol, remained constant through- 
out restriction of the animals to a magnesium-deficient diet, while 
total cholesterol showed a marked increase persistently after the 
4th week, fatty acids must reflect a decrease for the same period. 


Cuart II. Changes in lipid and inorganic constituents of blood in ani- 
mals while on a magnesium-deficient diet as contrasted with values for an 
animal on a ration containing adequate magnesium. A represents the 


cholesterol esters 
weekly figures for total cholesterol ’ expressed in percentage from deter- 


minations on plasma; B represents the weekly figures for magnesium in 
the serum. In both A and B the curves with the solid lines indicate the 
weekly values for animals on the magnesium-deficient diet; that with the 
broken line, the weekly values for the normal control animal on the mag- 
nesium-deficient diet with added magnesium salt. The numeral at the 
termination of each curve is the identification number of the animal. 


The average fatty acid content in the control dog was 253 mg. 
per 100 cc. of plasma (Table II), with variations between 202 and 
316.6 mg. In the experimental animals (Dogs 47 and 48) the 
mean figures during the prodromal period were 268.2 and 281.8 
mg. respectively (Table I), with variations within the limits of 
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those for the control dog (Table II). During the second period, 
however, the mean values for the experimental dogs dropped to 
165.9 and 172.9 mg. (Table I), the variations being within 108 to 
223 mg. (Table Il). Both dogs, therefore, suffered an average 
decrease of 38 per cent in the fatty acid content of their blood. 

As concerns lipoid phosphorus, the last of the constituents in 


' the fat group which we studied, the average values (Table I) for 


the dogs on the magnesium-deficient diet were the same during 
the second period as during the prodromal stage. Apparently 
“lecithin,” like total fat, is unaffected by magnesium deprivation. 
’ To recapitulate, after the 4th week on the magnesium-poor 
ration, by which time the magnesium concentration of the blood 
has already fallen to an exceedingly low level, the animals show a 
disturbance in the lipids. Specifically, there is a marked increase 
in total cholesterol with a commensurate decrease in fatty acids 
so that the total fat remains constant. Since the increase in total 
cholesterol is due preponderantly to the mounting values for the 
cholesterol ester fraction, the percentage of total cholesterol in 
the ester form becomes strikingly high. 

As the end of the survival period approaches, there is a tend- 
ency, which is not invariable, for a fall in the percentage of eryth- 
rocytes, the values generally approaching the lower levels recorded 
occasionally for the control dogs, so that they may be called “low 
normals” (Tables II and III). Terminally comes a rise in non- 
protein nitrogen, amounting to an increase of 100 per cent or more, 
although in one case the elevation was followed by a sharp decline 
(Table IV). With the heightened non-protein nitrogen an in- 
crease in creatine ensued, when terminal values of 6 and 7.3 mg. 
per 100 ce. of blood were recorded. 

The other blood constituents remain unchanged. Further 
mention, however, should be made of at least three: carbon di- 
oxide capacity, calcium, and phosphorus. In the control dog, 
the values for carbon dioxide capacity lay within the range 43.2 
to 65.5 volumes per cent with an average of 55 (Table III). The 
animals deprived of magnesium presented figures falling within 
42.1 to 66.7 volumes per cent, with averages of 53.9 and 54.8. 
No change can be said, therefore, to have occurred in the alkali 
reserve as a result of magnesium deficiency. 

With respect to calcium (Chart III, B) the normal control 
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TABLE III 
Effect of Magnesium Deprivation on Alkali Reserve and Plasma Proteins of Blood 


for a control dog 


Dog 379 and Dog 46¢7 on magnesium-deficient Diet 10 are contrasted with those 
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TABLE IV 
Effect of Magnesium Deprivation on Glucose and Non-Protein Nitrogenous 
Constituents of Blood 
Values for Dog 386* and Dog 399 on magnesium-deficient Diet 10 are 
contrasted with those for a control dog (Dog 509) on the magnesium- 
deficient diet with added magnesium salt (Diet 11). These values were 
derived from weekly determinations extending over a period of 6 weeks. 


Rbe. Mg per 100 ce. Glucose per 100 cc. ban vy LO 
eat. | at. | cat. 
per | per | per | mg. | mg. | mg mg mg. mg. mg. | mg. | mg. 
cent | cent | cent 

36 | 32 | 36 |2.1 | 1.6) 1.5/125.9) 93.8)111.2 |26.7/35.7/31.7 
Maximum....| 46 | 46 | 43 |2.4 | 2.5) 2.3/147.3)134.2)130.7 |29.0}60.0/47.1 
Minimum..... 29 | 19 | 31 |1.87) 1.1) 1.0) 91.9) 70.4) 88.8 |23.9|21.6/24.2 

Creatine and — Creati 
.. » Piper 100 ce: blood per 100 eo. blood 
Mean......... 5.1 | 5.5) 5.7) 1.1) 1.2) 1.3 | 4.0) 4.2) 4.4 
Maximum 5.6 | 7.2) 8.3) 1.3) 1.5) 1.7 | 4.6) 6.0) 7.3 
Minimum..... 4.9 | 4.2; 4.0) 1.0) 1.1 0.99) 3.8} 2.8) 2.8 


TABLE V 
Effect of Magnesium Deprivation on Inorganic Constituents of Blood 
Values for Dog 40¢ and Dog 417 on magnesium-deficient Diet 10 are 
contrasted with those for a control dog (Dog 529) on the magnesium- 
deficient diet with added magnesium salt (Diet 11). These values were 
derived from weekly determinations extending over a period of 31 weeks. 


M 

Rbe. g per 100 cc. Na per 100 cc. 
| | Tat | | | | | | 

vol. | vol. | vol. 
per | per | per | mg. | mg. | mg. | mg. | mg. | mg. 

cent | cent | cent 
34 | 34 | 33 | 2.3/1.0 | 1.2 |326.3/329.8)329.9 
47 | 45 | 47 | 2.9 | 2.8 | 2.9 |363.4/421 2/432.6 
ee 18 | 16 | 18 | 1.7 | 0.52) 0.58/295.3'299.9/282.9 
K per 100 ce. NaCl 
23.0 |20.9 |21.5 |452.9'448 2/432.2 
35.7 (29.2 |32.8 |514.8/549.9/514.8 
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Cuart III. Changes in inorganic constituents of blood in animals while 
on a magnesium-deficient diet as contrasted with values for an animal on 
a ration containing adequate magnesium. B represents the weekly figures 
for calcium; C, for phosphorus; D, for magnesium, all determinations hav- 
ing been made on serum. A represents the Ca:Mg ratio as derived from 
the values found. In each case the curves with the solid lines indicate 
the weekly values for animals on the magnesium-deficient diet; that with 
the broken line, the weekly values for the normal control animal on the 
magnesium-deficient diet with added magnesium salt. The numeral at 
the termination of each curve is the identification number of the animal. 
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for a period of 22 weeks showed an average of 11 mg. per 100 ce. 
of serum, with values within the limits 9 and 12.4 mg. One ex- 
perimental dog that survived 15 weeks on the magnesium-defi- 
cient diet exhibited an average of 10.5 mg., with figures fluctuating 
slightly from week to week, reaching 13.8 mg. as the high point 
but never falling below 9.1 mg. Over a period of 20 weeks on the 
magnesium-low diet, the other experimental animal possessed an 
average of 9.3 mg. of calcium with amounts ranging from 7.4 to 
12.9 mg. The minimum figure for calcium in this latter dog 
occurred during a 3 week period when values of 7.7, 7.4, and 7.8 
mg. were found. Nothing in the animal’s appearance or behavior 
suggested any disturbance at this time. Thereafter, the calcium 
concentration regained such levels as 9 and 10 mg. With this 
exception the calcium values were always in excess of 8 mg.; in- 
deed, they were of such magnitude that averages of 9.3 and 10.5 
mg. were obtained. We believe, in consequence, that magnesium 
deficiency is associated with no significant alteration in the level 
of serum calcium. 

Inasmuch as the calcium concentration remains normal while 
the magnesium values undergo an early and progressive decrease 
in the experimental animals, the Ca:Mg ratio must necessarily 
show alteration (Chart III, A). Serving as a basis of estimating 
the extent of change, the Ca: Mg ratio in control Dog 52 may be 
seen to vary narrowly around 4.8. In the animals deprived of 
magnesium, however, the development of a low magnesium con- 
centration in the blood so augmented the Ca: Mg ratio that the 
values lay between 10 and 16. This shift, it should be empha- 
sized, was due entirely to the decrease in magnesium. 

Furthermore, the behavior of inorganic phosphorus is not with- 
out interest (Chart III, C). Variations from 4.5 to 8.3 mg. per 
100 cc. of serum with an average of 6.8 mg. obtained in the con- 
trol animal. In one experimental dog the limits were 4.2 and 
8.2 mg. with an average of 6.2 mg.; in the other the limits were 
3.6 and 6.6 mg. with an average of 5.1 mg. The minimum figure, 
3.6 mg., in the latter dog was the only value for inorganic phos- 
phorus under 4 mg.; it occurred in the middle of the survival 
period and the succeeding determination showed an immediate 
increase to 5.1 mg. Magnesium deficiency, therefore, is without 
apparent effect on the inorganic phosphorus content of the blood. 
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Finally, the application of the Ca:P ratio upon several occa- 
sions to the study of tetany is sufficient recommendation that it 
receive consideration in the present investigation. For the con- 
trol animal the ratio was usually 1.6, and never below 1.35. Over 
a survival period of 20 weeks the average figure for one experi- 
mental animal was 1.5. However, determinations on this dog 
for the 11th, 12th, and 13th weeks showed low ratios of 1.01, 
0.95, and 0.98 respectively; immediately thereafter the figure 
rose to 1.78, was never less than 1.5 during the succeeding 6 
weeks, and on one occasion was very slightly in excess of 2.0. 
The other magnesium-deficient animal displayed a remarkable 
set of values, its average of 2.06 exceeding that of the control 
animal. Over a stretch of 15 weeks, representing the duration 
of the survival period, the Ca:P ratio in this dog was never less 
than 1.53 and once reached 3.83. Assuredly the evidence does 
not indicate that the Ca:P ratio is influenced by deprivation of 
magnesium. 

In substance, of such inorganic constituents of the blood as 
sodium, potassium, calcium, magnesium, and phosphorus, re- 
striction of the animal body to a magnesium-deficient ration leads 
to altered concentration in only one, magnesium, which under- 
goes an early and progressive decrease. Associated with the 
lowered magnesium content of the blood is a normal calcium con- 
centration; accordingly, the Ca: Mg ratio is heightened. 


DISCUSSION 


In their natural sequence the chemical changes in the blood 
resulting from ingestion of a magnesium-poor diet are decrease 
in content of magnesium, alteration in the levels of cholesterol 
and fatty acids, and a terminal elevation of non-protein nitrogen. 
Reserving the topic of most immediate interest, the behavior of 
the inorganic constituents, until the last, we shall discuss the 
significance of these changes in the reverse order of their occur- 
rence. 

The terminal rise in non-protein nitrogen is a change familiar 
in the premortal state of certain morbid conditions. Indeed, it 
has been repeatedly noted that a slight increase in non-protein 
nitrogen accompanies fasting. Whether this increase is the 
result of intensified nitrogen catabolism or faulty excretion is a 
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question at issue, although the evidence favors the former inter- 
pretation. Among others, Voit (32) demonstrated that impaired 
fat metabolism in fasting led eventually to increased protein 
metabolism, reflected in the so called premortal rise. So far as 
is indicated by food intake, the magnesium-deficient animals did 
not take to fasting, which after all is only one of several circum- 
stances provocative of inanition. That other factors were oper- 
ating in our animals towards the production of inanition, when 
the term means lack of nourishment, is not unlikely. As a 
matter of fact, disturbance in fat metabolism, a condition that 
probably prevails in magnesium deficiency if blood lipid values 
are an indication, may easily be regarded as a cause of partial 
inanition, either extrinsically by failure of fat transport or in- 
trinsically by faulty assimilation so that the burden of main- 
taining life is thrown upon protein metabolism. Viewed from 
this angle, the increased non-protein nitrogen represents the end 
stage of impaired nutrition, the final sign of a constitutional 
breakdown. 

Since mounting values for certain nitrogenous constituents of 
the blood are explained on the basis of failing fat metabolism, it 
becomes desirable, at once, to demonstrate that such impairment 
or collapse of the lipid cycle actually exists. Of necessity, our 
evidence must be drawn from the behavior of the various lipids 
in the blood. As will be recalled, the typical picture of blood 
lipids during magnesium deprivation shows normal fat, high 
total cholesterol, high cholesterol esters, and low fatty acids, 
all in the plasma, and normal lecithin in whole blood. In the 
aggregate this picture is unique; it has no counterpart, so far as 
we can ascertain, in any pathological condition hitherto presented. 
Despite the numerous speculations stimulated by it, we shall, 
however, confine our discussion to two considerations most perti- 
nent to it: (a) whether the hypercholesterolemia is actually 
attributable to magnesium deficiency or is an apparent phenom- 
enon produced by extraneous factors; (b) whether other condi- 
tions in which cholesterol esters are disproportionately increased, 
even with no other points of similarity to the blood in the mag- 
nesium syndrome, point to the nature of the disturbance. 

Among the factors that might give rise to a specious hyper- 
cholesterolemia or becloud the cause of a real hypercholester- 
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olemia are anhydremia, sex of the animal, bile, and anemia. It 
may be stated at once that these contingencies have not operated 
to lend confusion in the magnesium deficiency. First, anhy- 
dremia is not the source of the high cholesterol values, for hemato- 
crit readings show that during at least a part of the period of 
lipid disturbance the blood is more dilute than under normal con- 
ditions. Secondly, we encountered no difficulties in cholesterol 
determination due to sex. Although we are cognizant of Shope’s 
(33) experience with female animals showing such irregular fluc- 
tuation in values that later he was compelled to turn to males, 
we cannot testify on this score. We can assert, however, that 
the cholesterol figures from our animals showed no appreciable 
fluctuation, possibly because we used only males. Thirdly, with 
full recognition of Luden’s (34) disclosure thet derivatives of bile 
acids by responding colorimetrically yield an apparent increase 
in cholesterol, our determinations seem exempt from this compli- 
cation. Since the differentiation depends upon the time of 
appearance and persistence of the color, it should be mentioned 
that our color reactions appeared promptly and faded at the time 
specific for cholesterol. Indeed, as respects the time factor, the 
samples from the experimental animals were not different from 
the control. Consistently negative van den Bergh tests through- 
out the life of animals on the magnesium-deficient diet would be 
presumptive evidence, furthermore, that biliary disturbance was 
not at fault. Finally, we would dispel the notion that loss of 
blood incident to the chemical studies might be responsible for 
the hypercholesterolemia, despite Horiuchi’s (35) demonstration 
that repeated bleeding in rabbits produced a lipemia in which 
cholesterol participated. By extensive bleeding of dogs, it may 
be added, Bloor (36) was unable to change in any measure the 
blood lipid values, an outcome not unfavorable to our stand. 
Even more convincing is the fact that more blood was always 
drawn from our control animals than from the experimental 
group, yet the former never showed the lipid changes charac- 
teristic of the latter. As a blanket argument that none of the 
three factors—anhydremia, bile, and anemia—was at work in 
our studies, it should be remembered that they would not produce 
the unique lipid picture, in all its details, seen in magnesium 
deficiency. 
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The recognition that the high concentration of total cholesterol 
in the blood is authentic focuses attention upon that part which 
is responsible for the increase, the combined cholesterol. Despite 
the fact that cholesterol esters represent an almost constant frac- 
tion of total cholesterol, there are a few conditions in which that 
fraction is magnified; namely, alimentary absorption, nephrosis, 
fasting, and vitamin B avitaminosis. In none of them is the 
lipid picture, taken in its entirety, the same as in magnesium 
deficiency; yet, these conditions have present significance in so 
far as they throw light upon the circumstances under which the 
cholesterol ester level is raised. 

The ingestion of foods consisting largely of fat is said to produce 
a high tide of cholesterol esters in the blood (37, 38). It is not 
likely, however, that the widened ratio of cholesterol esters in the 
plasma of our anirals resulted from absorption, since blood 
samples were drawn in the postabsorptive state (16 hours after 
the last meal). Alimentary lipidemia, furthermore, always 
shows elevation of total fat and fatty acids (39) which is not 
present in our results. 

In conditions of faulty excretion, just as during intensified fat 
absorption, the level of total and bound cholesterol in the blood 
rises so that it is one of the characteristic features of nephrosis 
(40, 41). But there the chemical parallelism with magnesium 
deficiency ends. Nephrosis is accompanied not only with an 
increase in cholesterol esters, but also with high values for fatty 
acids and lecithin (42) and lowered serum proteins (41). From 
chemical changes in the blood it is not indicated that a nephrotic 
type of kidney disturbance underlies the hypercholesterolemia of 
magnesium deficiency. 

Thus far, it appears highly improbable that the lipid changes 
in blood during magnesium deprivation are due to flooding the 
body with fat, or to disturbance in the excretory system. It is 
more likely that the changes point to defects in fat metabolism; 
indeed, there is precedence for this view. As has already been 
indicated, fasting is associated with failure in fat metabolism; 
while certain deficiency diseases, e.g. those arising from lack of 
vitamin B (43) or a specific unsaturated fatty acid (44), likewise 
give signs of difficulties in fat metabolism. Actually such a defi- 
ciency disease, into which category would fall the magnesium 
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syndrome, is akin to fasting in that both lead ultimately to inani- 
tion, but it is by no means certain that they reach it by the same 
path. It is appropriate, therefore, to consider the blood lipid 
changes that occur when the animal is compelled to draw upon 
its own tissues for sustenance during fasting, so that it may be 
determined whether impaired fat metabolism involves the same 
mechanism in the magnesium syndrome as in fasting. 

Among the published results of blood lipid changes during 
fasting in species other than the dog, unfortunately there is not 
a semblance of concordance (43, 45-50). It is difficult to recon- 
cile the conflicting reports so as to reach a satisfactory conclusion, 
but some of the apparent reasons for the contradictions may be 
mentioned. It is a common belief that the prior nutritive condi- 
tion of the animal may affect markedly the blood fat picture 
during fasting; there is experimental work to support this view 
(51). In some of the studies, furthermore, the animals were 
completely fasted, a circumstance conducive to complete total 
inanition; in other instances the animals were underfed an ade- 
quate diet, i.e. they received an insufficient quantity of a well 
formulated diet, a procedure bringing on incomplete total inan- 
ition. Next, in almost all of the experiments the blood lipid 
values were derived from a single determination taken at an 
arbitrary time. This practice implies that the blood fat picture 
in inanition remains constant and that a single analysis conducted 
at random furnishes an accurate survey of the changes occurring 
during the entire period of fasting. If the lipid values swing from 
a high to a low plane or vice versa during the period of fasting, 
inevitably on the basis of a single analysis some investigators 
would obtain high while others would find low values, depending 
upon the time the blood was examined. Lastly, the duration of 
the fast may exert some influence on lipid figures. Under such 
circumstances even frequent determinations during a short fast 
might not accurately portray the sequence of events, while a 
single analysis during a short period of fasting would yield such 
limited information as not in any sense to be representative of 
the changes in inanition. 

Although the number of investigations on the lipid changes in 
dogs during fasting are few, in every case fortunately the course 
of inanition was followed by repeated determinations at close 
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intervals on the same animal (51-54). Even under these condi- 
tions, the data leave much to be desired from the standpoint of 
agreement. In one instance cholesterol esters showed a tempo- 
rary increase followed by subnormal values; in another the reverse 
conditions prevailed. In all, two features further distinguished 
fasting from magnesium deficiency: (a) the lecithin curve fol- 
lowed that of cholesterol esters, and (b) total fat showed altera- 
tion. We may say, therefore, that the blood fat disturbance in 
magnesium deficiency in no way resembles any of the blood 
lipid pictures presented as typical of inanition. Also, changes 
in other blood constituents during inanition are not those pathog- 
nomonic of magnesium deprivation. 

Because the blood lipid picture in magnesium deprivation differs 
from that in fasting, and because the other blood constituents 
show the same lack of correspondence in the two conditions, at 
first glance it would seem that the paths of nutritive failure in 
partial inanition and total inanition have no common ground. 
However, it must be remembered that magnesium deficiency 
manifests both local and constitutional symptoms, the former 
being hyperirritability and convulsions, the latter nutritive failure. 
In all probability failing nutrition, as manifested by beginning 
loss of weight, is linked with disturbance in fat metabolism, both 
being indicative of constitutional effects. Since convulsions are 
always the cause of death in the animals fed the diet low in mag- 
nesium, it is conceivable that this factor brings a fatal outcome 
before failing nutrition in the animal progresses to its final stage. 
What the trend of blood lipids would have been, if fatal convul- 
sions had not always supervened, cannot be said, but the ter- 
minally augmented nitrogen metabolism, indicative as it may be 
of the end stage in nutritive failure, does not promise further alter- 
ation of the lipids in the blood. Presumptively, it may be said, 
therefore, that total inanition and partial inanition have nutritive 
failure from deranged fat metabolism as a common feature, but 
that the pathogenic mechanism is different in the two conditions. 
The final pronouncement can come only after extensive investiga- 
tion of other deficiency diseases. 

That blood lipid changes in fasting are not analogous to those 
in magnesium deprivation is, after all, not surprising. Fasting 
brings on total inanition (55); whereas magnesium deficiency 
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leads to partial inanition. In complete total inanition, produced 
by fasting, the animal receives no food; hence, the body, even 
with the advantage of a diminished metabolism, is placed under 
the necessity of drawing upon its stores and tissues for all food 
substances. In partial inanition, accompanying deficiency dis- 
eases, the animal receives a sufficient quantity of food which is, 
however, lacking in one or more such essential components as 
amino acids, vitamins, or mineral elements; accordingly, the 
body, while metabolizing the ingested food, must call on its own 
tissues for only the missing factor. It would not be expected 
a priori that a similar mechanism prevails in both instances. If 
we wish to compare the blood fat picture in magnesium deficiency 
with that in a similar syndrome, we should select another condi- 
tion characterized by partial inanition, 7.e. a deficiency disease. 
Unfortunately the choice is limited. Of the deficiency diseases, 
complete analyses on the blood lipids have been performed exten- 
sively, if not exclusively, in vitamin B avitaminosis. 

Like the data on fasting, the reports on the behavior of blood 
lipid constituents during vitamin B deficiency show marked 
divergence (43, 47, 49, 52, 56, 57). In the main, however, the 
curves for the various components coincide with those regarded 
as typical of fasting. It can be said, accordingly, that the blood 
lipid changes purported to be the outcome of vitamin B avita- 
minosis bear no resemblance to those in magnesium deficiency. 
Any further conclusion is inadmissible. Because the blood lipid 
curves in the two conditions are dissimilar, we cannot infer, for 
example, that each type of partial inanition is characterized by a 


specific and distinct blood picture. Indeed, for two reasons we 


cannot accept that the animals, supposedly deprived of vitamin 
B, suffered from a simple, unalloyed type of partial inanition. 
We cannot hope, in consequence, to compare the resultant blood 
changes with those in the magnesium syndrome. In the first 
place, practically none of the rations used by the several investi- 
gators was deficient exclusively in vitamin B; almost all were 
inadequate in several respects. This technicality opens the 
question whether, so far as blood lipids are concerned, partial 
inanition induced by a single deficiency differs qualitatively from 
that induced by multiple deficiencies. But this point is of minor 
consideration in comparison with another. Even if lack of 
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vitamin B were the first or sole limiting factor in the rations, the 
consequent blood changes would not accurately represent a con- 
dition of partial inanition. The characteristic early symptom of 
vitamin B deficiency is anorexia; thus, partial inanition in this 
instance is soon complicated by total inanition, either complete 
or incomplete. All the diets were deficient, among other things, 
in vitamin B; therefore, the animals restricted to them were, in 
all probability, either underfeeding or fasting as the experiments 
progressed. These animals would show total inanition, not 
partial inanition. As a matter of fact the striking similarity 
shown in the blood lipid curves between the animals suffering from 
total inanition and those with vitamin B avitaminosis supports 
this contention. It is small wonder that Iwatsuru (47) could 
detect no difference between vitamin B avitaminosis and total 
inanition. The disagreement which we found between blood 
lipid values in magnesium deficiency and in fasting showed the 
utter fallacy of such a conception. It is only necessary to com- 
ment further that vitamin B avitaminosis cannot be set up as 
typical of partial inanition for purposes of comparison with total 
inanition; and that, by the same token, vitamin B avitaminosis 
cannot be represented as an example of partial inanition for pur- 
poses of comparison with such a real instance of partial inanition 
as magnesium deficiency. Only further study of the various 
deficiency diseases can show whether nutritive failure in all forms 
of partial inanition is due to interference with fat metabolism, 
and whether each type of partial inanition has a blood lipid pat- 
tern different from every other type. In this connection it is 
interesting to mention that a hypercholesterolemia has been ob- 
served to characterize vitamin A avitaminosis (58). Unfor- 
tunately the nature of associated changes in other lipids was not 
determined. 

To say that impairment of lipid metabolism underlies the con- 
stitutional changes in the magnesium syndrome scarcely carries 
the explanation to its ultimate. Yet little advantage accrues 
from further speculation. So much has already been written 
concerning the source, function, and fate of cholesterol, while so 
little is known about them, that rehearsal of various theories 
does not promise to elicit the details of their part in nutritive 
failure. We cannot, however, pass over the significant point, 
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revealed by Bloor (59), that cholesterol in the ester form is com- 
bined largely with the more highly unsaturated fatty acids, a 
finding apparently not unrelated to Leathes’ views on desatura- 
tion in the liver. This fact alone would seem to stamp choles- 
terol as an active, not a passive, participant in fat metabolism. 
Whether the increased concentration of cholesterol esters in the 
blood during magnesium deficiency is indicative that the lipid 
equilibrium of the tissues is upset by withdrawal of magnesium, 
that excessive transportation of fatty acids between the liver and 
tissues prevails, or that the activity of cholesterol esterase (60) 
suffers interference, are natural questions to which the data herein 
presented can scarcely furnish the answer. The magnesium 
syndrome lends itself, in a manner characterized by convenience 
and certainty, to the pursuit of these problems pertaining to fat 
metabolism, because it represents a condition unique in lipid 
behavior and reproducible at will. 

In dwelling at some length on the chemical changes in the blood 
indicative of constitutional failure, we would not neglect the 
chemical data which have a bearing upon the symptomsreferable 
to the nervous system. These symptoms, the so called local 
manifestations, comprise hyperexcitability, vasodilatation, and 
convulsions, a syndrome falling in the category of tetany. It is 
to be remembered that tetany is not a disease but a symptom 
complex, producible by various means, with each means yielding 
a form characterized by one or more distinguishing features. 
Unless the processes involved are known, it may not be easy to 
classify, on the basis of symptomatology alone, some new instance 
of experimental tetany. Through all types of tetany hitherto 
known runs a common vein: they show a similarity in their symp- 
toms, at least so far as the nervous system is concerned, and they 
are supposed to involve blood calcium changes in one way or 
another. On the basis of symptomatology, with vasodilatation 
as the principal point of distinction, magnesium tetany is readily 
differentiated from all the previously known types. To all in- 
tents and purposes, external manifestations alone suffice to estab- 
lish magnesium tetany as a separate syndrome; nevertheless, it 
cannot be denied that appropriate data on certain blood constit- 
uents would lend further weight in that they should reveal dif- 
ferential features as well as the pathogenesis of the disorder by 
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comparison with figures already recorded for the various forms of 
“calcium” tetany. 

When the data on the inorganic constituents of the blood are 
consulted for the various forms of tetany, e.g. infantile (61-63), 
“healing rickets” (64-70), parathyroid (71-82), hyperpneic (83- 
86), gastric (87-90), bicarbonate (61, 91-93), phosphate (90, 94— 
96), it is seen that each presents a distinctive picture. The 
chemical changes in the blood which typify these various forms 
of tetany in the fully developed stage should be differentiated 
sharply from the combination of chemical factors which induce 
the disorder; actually, in the past, such a separation has not 
always been made. Not infrequently it has been assumed that 
conditions existing in the blood at the onset, or even at the height, 
of the disease were involved in the causation. But chemical 
changes in the blood during any disorder may be pathognomonic 
without being pathogenic. To regard alkalosis, for example, as 
a diagnostic sign of a particular form of tetany, because it is 
present during the disorder, is one thing; to regard alkalosis as a 
responsible agent in the pathogenesis of that particular form, on 
the basis of the same data, is quite another matter. Rightly or 
wrongly the practice has prevailed of reading etiologic signifi- 
cance into the blood picture and so inseparably associating them 
that perforce we must take pathogenesis into consideration while 
examining the chemical characteristics of the well known types 
of tetany. 

The various forms of tetany fall into two classes, those in 
which total calcium of the serum undergoes diminution, and 
those in which it remains unchanged. Concerning the patho- 
genesis of the former group, physiological and clinical experiments 
indicated that the responsibility lay with the lowering of blood 
calcium (61, 71, 97). The explanation of tetany unattended by 
hypocalcemia was not so easy. From in vitro experiments Rona 
and Takahashi (98) set forth the view that calcium existed in the 
blood in three forms; hence, in contrast to certain other electro- 
lytes, only a part of it was present in ionic form. The amount 
of ionic calcium was governed, they said, by the hydrogen ion 
concentration and bicarbonate content of the serum, a relation 
which they expressed mathematically as Ca++ = k(H+/HCO;-). 
This formula had two implications; consequently, it stimulated 
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investigations along two lines. First, it implied that a decrease 
in calcium ions was at the bottom of all tetany. Secondly, it 
suggested that the acid-base equilibrium exerted a réle in tetany, 
according to which a shift of the blood reaction in the alkaline 
direction or an increase in alkali reserve caused a fall in calcium 
ion concentration. Although advocates of the alkalosis theory 
have extended its application to almost every type of tetany 
(99), it should be borne in mind that the hypothesis was evoked 
primarily to explain those cases in which total calcium was 
unlowered, but in which the calcium ion concentration had theo- 
retically been decreased by an alkaline reaction. In some of its 
aspects the alkalosis theory has encountered strenuous opposition. 
It is essential, according to Shohl et al. (70), to dissociate the 
chemical changes occurring in the blood during tetany from the 
chemical changes inducing the syndrome. Furthermore, it is 
possible to have tetany without alkalosis. In tetany of infancy, 
parathyreopriva, or healing experimental rickets there is no 
alkalosis; hence, all forms of tetany do not have an associated 
alkalosis. What is more important, it is possible to have alka- 
losis without tetany. Holt et al. (100) presented evidence that 
it is possible to have a condition of alkalosis, indicated by high 
carbon dioxide capacity and pH, without appearance of tetany. 
Perhaps a conservative attitude would be this: alkalosis may 
augment existing tetany, and under certain circumstances, 
though seldom, it may initiate tetany. But the sweeping gen- 
eralization that alkalosis underlies most forms of tetany seems 
beside the facts. 

The Rona-Takahashi equation, which served to modify Loeb’s 
formula (97), was later amplified to include the depressing effect 
of the phosphate ion on calcium ionization. According to theory, 
an increase in alkali reserve, in alkaline reaction of the blood, or 
in phosphate ions was said to decrease calcium ion concentration 
so that tetany resulted. As Gyérgy (99, 101) put it, Ca++ = 
{(H*+/HCO;--HPO,-). He emphasizes that the administration 
of phosphates of any reaction produces a lowering of the total 
calcium in the serum, 7.e. a hypocalcemia, but that the symp- 
toms of tetany appear only after administration of alkaline phos- 
phates. Thus it would appear that hypocalcemia may be present 
without tetany and vice versa. This led him (99) to say, “Nicht 
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die Hypocaleiimie, sondern die Erniedrigung der Ca-Ionen 
beherrscht die Pathogenese der tetanischen Reaktion.” Before 
commitment to acceptance that decreased calcium ionization by 
bicarbonate, basic phosphate, or alkalinity is the mechanism in 
operation in all types of tetany, particularly gastric, bicarbonate, 
and phosphate, it is not amiss to raise the question as to how 
much is due to the direct action on the nerves of such an anion 
as HCO;~ (102, 103), and especially to the cations Na+ and K+ 
in association with it. Without passing on the merits of any side 
in the controversial points, and without sponsoring or disregard- 
ing the view that all forms of tetany hitherto recognized, in the 
last analysis, reduce to one common feature—a low concentra- 
tion of calcium ions in the blood—our purpose has been to pre- 
sent the various angles, in theory and fact, concerning them, so 
that the nature and pathogenesis of the magnesium syndrome 
may be likened as well as differentiated. 

At once it may be stated that the blood picture in magnesium 
tetany has no points in common with that of any other form of 
tetany. Of the seven types of the latter, which we have enum- 
erated, each shows a change in one or more of the following con- 
stituents: calcium, phosphorus, pH, alkali reserve, sodium, and 
chloride. None, except phosphate tetany, shows any tendency 
to lowered magnesium values; and this one exception, in which 
magnesium is only moderately diminished, has such character- 
istic changes as lowered calcium and elevated phosphorus that 
it presents no confusion with the blood in magnesium deficiency. 
In contrast to all these forms of tetany, the magnesium syndrome 
is accompanied with no change in calcium, phosphorus, alkali 
reserve, sodium, and chloride, Of the inorganic constituents in 
the blood, only magnesium undergoes change in magnesium 
tetany. If values for pH were available, it would be advan- 
tageous; but the constituents enumerated are sufficient to demon- 
strate that the blood picture in magnesium tetany, taken as 
a whole, is that seen in no other form of tetany. Since there 
are no points of similarity in blood changes between magnesium 
tetany and other types of tetany, we believe that this second 
line of evidence, in conjunction with symptomatology, establishes 
the magnesium syndrome as a separate and distinct entity. 

The pathogenesis of this disorder is no less distinct than its 
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nature. In so far as is shown by the blood picture, which covers 
all stages before and during magnesium tetany, the ions Nat, 
Kt, and Ca++ in the Loeb equation may be excluded as causative 
factors, while the ions HCO;~ and HPO,” assuredly are not 
operating towards depression of calcium ionization. Indeed, the 
several mechanisms held responsible for production of the other 
types of tetany are obviously here not at work. In discussing 
calcium tetany, Shohl eé al. (70) expressed the view that. there are 
as yet unknown factors controlling calcium ionization. The 
thought may arise that some such unknown factor may be in 
action in magnesium tetany, but it is not necessary to search so 
far afield on the assumption that every form of tetany brought to 
light must be explained ultimately on a calcium ion mechanism. 
As a matter of fact, there are three impelling and cogent reasons 
for believing that lowered magnesium in the blood is the sole 
responsible agent in magnesium tetany. First, it has long been 
established that administration of magnesium to the living 
organism induces lessened sensitivity of the nervous system even 
to the point of general anesthesia; conversely, it is to be expected 
that magnesium deficiency would induce increased sensitivity of 
the nervous system even to the point of tetany. Secondly, 
Loeb’s quotient, derived from in vitro experiments on nerves, 
made provision, among other forms, for a magnesium tetany. 
Hitherto this provision has been an expectation. Now the 
demonstration in vivo of a magnesium tetany marks the fruition 
of Loeb’s forecast. Thirdly, of all the inorganic constituents in 
the blood, magnesium is the only one undergoing alteration in 
the magnesium syndrome. It is, therefore, more plausible to 
explain the pathogenesis of the disorder by this known fact than 
by some unknown factor. - In short, the symptomatology, which 
must be regarded, as we would emphasize, in its entirety— 
hyperexcitability, vasodilatation, and generalized convulsions— 
and the chemical changes in the blood establish magnesium 
tetany as a separate and specific syndrome; the blood changes, 
together with theoretical considerations, indicate that lowered 
magnesium is the responsible factor in the pathogenesis of the 
disorder. 

At the time the syndrome of magnesium deficiency was first 
studied, the likelihood that it had occurred or would occur nat- 
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urally among humans or animals by the agency of subsistence 
on restricted diets seemed rather remote. The relative abun- 
dance of magnesium in the usual diet or ration is well known, yet 
conceivably circumstances might arise leading to a deficiency of 
magnesium. In this connection it is interesting that Sjollema 
and coworkers have studied in a comprehensive manner a bovine 
disease which they term grass tetany (104). Its occurrence in 
the Netherlands has been known for some time (105, 106). It 
appears principally in the spring during the first 2 weeks that 
fresh cows are sent to pasture. 55 per cent of 357 cases occurred 
more than 6 weeks after calving; hence, the condition, Sjollema 
says, is independent of parturition (106). 46 per cent were 
attacked during the Ist week at pasture, 28 per cent during the 
2nd week, and 26 per cent in more than 2 weeks. 

Among the early symptoms, which vary largely, are nervous- 
ness, restlessness, anorexia, muscle twitching, and unsteady gait 
(104). Soon after the first symptoms the animal drops, violent 
tonic-clonic convulsions set in with involvement of the limbs, 
and the animal alternately falls and attempts to right itself. 
Gnashing of the teeth, rolling of the eyes, frothing at the mouth, 
abundant salivation, trismus, opisthotonus, and tetanic contrac- 
tion of the tail may take place. In their violence the animals 
may run blindly into walls (106). The excitement is followed by 
a comatose state (104). Even with the most careful therapy, it 
is impossible to prevent a fatal issue in a great many of the cases, 
as the animals very often die within 4 hour of the appearance 
of the symptoms. The rapid onset of the condition, the nature 
of the symptoms, the stormy course, and the frequency of a fatal 
outcome suggest strongly that magnesium tetany may be a 
characteristic part of this so called “‘grass-staggers.”’ 

Fortunately, Sjollema has investigated the chemical changes 
in the blood in this condition (106). There is a decrease in the 
amount of calcium in the blood serum, the average value being 
6.65 mg. per 100 ce. of serum, with figures as low as 4.5 mg. some- 
times being obtained; the calcium level in his normal control 
cows ranged from 8.8 to 10 mg. with an average of 9.35 mg. The 
averages for inorganic phosphorus, sodium, and potassium showed 
no change in grass tetany; the Ca:P ratio was usually 1.5. Per- 
haps the most striking feature of the blood serum is the mag- 
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nesium content. The average level in the affected animals was 
0.455 mg. per 100 cc. of serum; the values practically never 
reached 1 mg. and were often as low as 0.2 mg. These values 
for magnesium in grass tetany may be contrasted with the range 
in normal animals, between 1.3 and 2 mg. with an average of 
1.66 mg. The Ca:Mg ratio in the blood serum in grass tetany 
reached 14.6, as contrasted with the normal average of 5.6. The 
pH and bicarbonate content of the serum were unchanged (104). 

These blood findings in grass tetany are valuable for compari- 
son with the changes which we have found characteristic of mag- 
nesium tetany. In the two conditions there is a surprising cor- 
respondence in the level of the inorganic constituents of the blood 
except in one respect. Just as in magnesium tetany, so in grass 
tetany there is a lowered magnesium content of the blood, which 
is reflected in such values as 0.5 mg. per 100 cc. of serum; the 
Ca: Mg ratio rises to a level of 14; inorganic phosphates, sodium, 
potassium, and alkali reserve remain unchanged. Between the 
disorders there is, however, one difference in the blood picture; 
in magnesium tetany the calcium content of the blood is un- 
changed, whereas in grass tetany low calcium values prevail. 

In attempting to evaluate just how far calcium and magnesium 
respectively, as well as other less apparent factors, may enter 
into the pathogenesis of grass tetany, it is not amiss to focus 
more closely upon the composition of the blood in this condition. 
Although the tendency in grass tetany runs to normal phos- 
phorus with low calcium and magnesium values, Sjollema and 
Seekles (104) make the significant statement: “In einigen Fallen 
der Grastetanie wurden fast normale Ca- und P-Werte gefunden; 
die Mg-Werte sind aber auch dann in diesen Fiillen noch anormal.” 
This constancy of low magnesium in the blood emphasizes its 
relation to the disease. But Sjollema comments: “Wir glauben 
nicht, dass man daraus den Schluss ziehen darf, dass der nied- 
rige Mg-Gehalt bei dieser Krankheit Tetanie veranlasst...” 
In the light of our experience with low magnesium in the blood 
leading to tetany, it is our belief that the constant changes in 
magnesium alone would be sufficient to give rise to the symp- 
tomatology seen in grass tetany. In most cases of grass tetany 
there is also a hypocalcemia. It is not improbable that the 
symptoms in this disorder are the result of disturbance in the 
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inorganic composition of the blood, in at least two respects, mag- 
nesium and calcium, with possibly other contributing factors as 
yet unknown. Although the low magnesium in the blood may 
not be the sole agent responsible for the syndrome, the consider- 
ations just brought forth would indicate that it is the most promi- 
nent and constant feature of the disease. 

In what way the low values for magnesium and calcium in the 
blood come about is not readily apparent from the notes at hand. 
Sjollema has outlined faithfully certain circumstances sur- 
rounding the occurrence of grass tetany. The syndrome occurs 
most frequently after lactation has been established for a short 
time, and usually after the cows have gone from stall food to 
pasture. Grass may be excluded as a factor since the condition 
may occur before the animal reaches the pasture and has been 
known to occur during the winter on stall feed. The ration 
employed in stall feeding is admittedly unsatisfactory in several 
respects, and after restriction to it throughout the winter the 
animals are probably in an inferior condition, as reflected in 
lowered calcium and magnesium values of the blood. Although 
both stall food and pasture are low in calcium, they are said to 
contain adequate magnesium (107); so Sjollema rules out a 
dietary deficiency as an immediate cause. In the face of these 
facts he discusses many possible factors that may have a hand in 
the mechanism of production of the disease: to mention only a 
few, faulty Ca:P ratio in the ration, the sudden change in the 
ration, certain unusual characteristics of the grass, e.g. its high 
content in protein, nitrate, and potassium, with relatively low 
level of Na and a narrow nutritive ratio. 

Sjollema appears to have placed most emphasis on the view, 
provisionally to be sure, that the symptoms and low blood values 
recorded for calcium and magnesium are both secondary to an 
intoxication arising, perhaps, from the food. We would simply 
call attention to two salient facts: (1) the syndrome occurs after 
the animal has been subjected to gestation and particularly the 
establishment of lactation (physiological processes so rigorous in 
their nutritive requirements that they often reveal for the first 
time the shortcomings of an apparently satisfactory ration, and 
mark such a critical point for the mother in the case of inferior 
rations that they precipitate symptoms characteristic of the 
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specific deficiency); (2) the advent of the disease with spring, 
after a winter of artificial feeding is a circumstance so frequently 
met in deficiency diseases. That the lowered magnesium in the 
blood is a prominent factor in the symptoms of grass tetany is 
highly probable, a view with which Sjollema (108) is now in 
accord; but the pathogenesis of the disease must remain sub 
judice for the time being. 
SUMMARY 


Restriction of animals to a ration containing only 1.8 parts per 
million of magnesium but adequate amounts of other constit- 
uents leads to a syndrome which we have previously designated 
as magnesium tetany. To the symptomatology following such 
magnesium deprivation may now be added data on the chemical 
changes in the blood derived from weekly analyses throughout 
the period of the deficiency, on almost the entire list of blood 
constituents. First, there is an early and progressive decrease 
in the magnesium content of the serum. Shortly thereafter there 
is a marked increase in total cholesterol with a commensurate 
decrease in fatty acids so that the total fat remains constant. 
Since the increase in total cholesterol is due preponderantly to 
the mounting values for the cholesterol ester fraction, the per- 
centage of total cholesterol in the ester form becomes strikingly 
high. These changes prevail until death. Terminally the non- 
protein nitrogen rises. No other blood constituents undergo 
alteration. 

The view is expressed that these blood changes may be corre- 
lated with the symptoms of magnesium deficiency: the lowered 
magnesium concentration in the serum is considered in conjunc- 
tion with tetany, while the lipid changes are taken as indicative 
of nutritive failure. On the basis of symptomatology, mag- 
nesium tetany has already been differentiated from all other 
known types of tetany. A review of the typical chemical changes 
in the blood of these latter types reveals no points of similarity 
between them and magnesium tetany; hence, this second line of 
evidence establishes the magnesium syndrome as a separate and 
distinct entity. Furthermore, the fact that none of the factors 
provocative of the other types is operating in magnesium tetany 
indicates that lowered serum magnesium is most likely the respon- 
sible factor in the pathogenesis of the disorder. 
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It is suggested, also, that the lipid disturbance in the blood is 
evidence of failing fat metabolism, discernible outwardly as 
nutritive failure with loss of weight. Hitherto it has been the 
opinion that the mechanism of failure in deficiency diseases, 
which typify partial inanition, was identical with that in fasting, 
which represents total inanition. This belief, based upon data 
from vitamin B avitaminosis, is shown to be fallacious. Mag- 
nesium deficiency is shown to be accompanied by changes in 
blood lipids entirely dissimilar from those of fasting; therefore, 
partial inanition and total inanition, in this instance at least, 
differ in their pathogenesis. Whether the lipid changes in mag- 
nesium deficiency hold true in all other cases of partial inanition 
cannot be decided from the data available. 

The terminal rise of non-protein nitrogen is explained on the 
basis of augmented protein metabolism following failure of the 
fat cycle. 
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THE CHARACTER OF THE DERMATITIS-PRODUCING 
FACTOR IN DIETARY EGG WHITE AS SHOWN 
BY CERTAIN CHEMICAL TREATMENTS* 


By HELEN T. PARSONS anp EUNICE KELLY 
(From the Department of Home Economics, University of Wisconsin, Madison) 
(Received for publication, February 6, 1933) 


It has been shown in this laboratory (Parsons, 1931; Parsons and 
Kelly, 1933) in agreement with others,' that Chinese dried egg 
white or raw fresh egg white, fed in presumably adequate rations, 
is capable of producing severe dermatitis and even death in rats. 
The injury appears to be related both to a toxicity and to a rela- 
tive absence of a protective factor or factors. It may be prevented 
or cured either by sufficient heat treatment of the egg white of the 
ration, or by including in the egg white-rich rations certain potent 
foodstuffs, such as yeast, egg yolk, or liver, in amounts much in 
excess of that necessary to furnish the vitamin B complex require- 
ment of an ordinary diet. It was shown (Parsons and Kelly, 1933) 
that fresh egg white is detoxified as thoroughly by heating for 5 
minutes at 80° as Chinese dried egg white, heated at the same 
temperature for 1} hours (18 times as long). 

The present experiments were undertaken to investigate further 
the nature of the injurious factor in egg white and the conditions 
influencing its destruction. 


* This work was aided by a grant from the Committee on Scientific Re- 
search, American Medical Association. Preliminary reports of a part of 
this investigation were presented to the American Society of Biological 
Chemists (Parsons, H. T., J. Biol. Chem., 92, lxiv (1931); Proc. Am. Soc. 
Biol. Chem., 7, 64 (1931); J. Biol. Chem., 97, xxx (1932); Proc. Am. Soc. 
Biol. Chem., 8, xxx (1932)). 

Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

1 The literature has been reviewed briefly by Parsons and Kelly (1933). 
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EXPERIMENTAL 


Albino rats and, in fewer numbers, hooded rats were used as the 
experimental animals. Their production on special stock diets 
and their care have been described (Parsons and Kelly, 1933). 

Rations and Their Preparation—Certain experimental egg white 
rations, previously described (Parsons and Kelly, 1933), were 
employed with the following percentage composition.? Ration B 
consisted of egg white 66, dried yeast 10, wheat embryo 10, salt 
mixture (Osborne and Mendel, 1919) 4, and sucrose 10; Ration H, 
egg white 40, Osborne and Mendel salt mixture 4, yeast 10, wheat 
embryo 10, and sucrose 36; Ration J, egg white 30, Osborne and 
Mendel salt mixture 4, and sucrose (carrying the alcoholic extract of 
10 of beef liver) 66; Ration L, egg white 20, Osborne and Mendel 
salt mixture 4, and sucrose (carrying extract as above) 76. 

The treated egg white was usually fed both at the 66 and the 40 
per cent concentration inasmuch as slighter degrees of detoxifica- 
tion could be detected at the lower level than at the higher. With 
30 and 20 per cent of egg white in Rations J and L, the less protec- 
tive liver extract was substituted for the yeast and wheat embryo 
of the other rations. 

Dried Chinese egg white was thoroughly mixed with distilled 
water to approximate the proportions in fresh egg white. For 
both the peptic and the acid digests, hydrochloric acid was added 
in the proportion of 1.6 cc. of n hydrochloric acid per each gm. of 
dry egg white or each 7.5 gm. of egg white solution, with a resultant 
pH of about 2.4. 

Dried Chinese egg white was thoroughly mixed with 70 per cent 
of its weight of water, and was coagulated by pouring it in a thin 
stream into enough ethyl alcohol to make a 75 per cent alcoholic 
solution. A part of this mixture was dried at once, and the re- 
mainder, ground to a fine meal while moist, was suspended in 
running water in a closely woven muslin bag for 50 hours. An- 
other lot was allowed to stand at room temperature for 35 days in 
the alcohol before drying and grinding. Hydrated commercial 
dried egg white was treated with nitrous oxide by aspiration, with 
a resultant change in pH from 6.4 to 5.8. Another lot of hydrated 
commercial dried egg white was treated with formaldehyde, 1 part 
to 2000 of the moist egg white. 


? The egg white in these rations was calculated on a dry basis. 


H. T. Parsons and E. Kelly 647 


Purified egg albumin* was prepared from fresh egg whitet by 
the method of Hopkins (1899-1900). Several individual lots of 
the preparation were crystalline, but others were amorphous. The 
proteins of fresh egg white were precipitated by complete satura- 
tion with ammonium sulfate, filtered, and partially redissolved 
and reprecipitated twice. The precipitate and filtrates were freed 
from ammonium sulfate by dialysis, and dried. 

Plan of Experiment and Criteria of Presence of Toxicity—The 
characteristic pellagra-like condition was produced in young rats 
on the basal egg white Ration B, according to the procedure used in 
this laboratory (Parsons and Kelly, 1933). When the character- 
istic sore mouths and dermatitis were established in the rats, the 
treated sample of egg white under investigation was substituted for 
the untreated sample or added to it in one of the rations for a 30 
day test period. The condition at the end of this time was graded 
according to the scale previously described (Parsons and Kelly, 
1933): A denotes a normal or practically cured condition; D, the 


most exaggerated stage of the syndrome. 


Results 


Relatively mild treatment of hydrated Chinese dried egg white 
with acid (7.e. incubation for 3 days with 1.6 cc. of n hydrochloric 
acid per gm. of dried egg white) detoxified it so that the pellagra- 
like manifestations, produced on untreated dried egg white, were 
cured within 30 days when the acid digest was substituted for it 
in Ration B (Lot 75, Table I). That the results were not due to 
an influence of the acid itself on the digestive tract was indicated 
both by the equally positive cures obtained by the same digest 
after neutralization and the negative results on digesting the egg 
white for a short time with 1 cc. instead of 1.6 cc. of hydrochloric 
acid (Lots 76 and 81). Apparently the pH of the solution during 
incubation was an important factor; in one experiment in which 
rats were fed 66 per cent of egg white incubated with acetic acid 
in a concentration shown to be effective in the case of hydrochloric 
acid, the rats failed to improve (Lot 82). Some definite indica- 


* Credit is due to Marjorie Olsen for her cooperation in the preparation 
of the purified egg albumin. 

‘ Fresh eggs were furnished through the courtesy of Professor Halpin of 
the Department of Poultry Husbandry, University of Wisconsin. 
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tions of a decrease in toxicity were obtained on treating an egg 
white solution with 1.6 cc. of N sodium hydroxide per gm. of dry 
egg white, but here the results were somewhat complicated by a 
diarrhea which appeared in the rats fed the alkali-treated egg white. 
Even when the alkali was neutralized, or when the egg white was 
subsequently treated with an additional portion of hydrochloric 
acid, some diarrhea persisted in the rats fed these products. 

In view of the fact that in some experiments coagulation by 
either heat or acid detoxified egg white, it might be supposed that 
denaturation was the essential change involved. This hypothesis 
was entirely unsupported, however, not only by the clear evidence 
of toxicity of certain lots of coagulated Chinese egg white (Lots 
56, 58, and 60, Table II, Parsons and Kelly, 1933) but also by the 
results with alcohol. The firm denatured coagulum produced in 
Chinese egg white in 75 per cent alcohol gave no indication of 
detoxification when evaporated at once to dryness, and a question- 
able change after standing in alcohol for 35 days, even when these 
products were fed as 40 per cent of the ration (Lots 68 and 69). 
The results would, however, seem to indicate that a hydrolysis is 
the essential change in detoxification. No clear interpretation can 
be made of the curative effect of a peptic digest of egg white (Lot 
80), inasmuch as hydrochloric acid used without pepsin in the 
same concentration as in the digest detoxified the egg white. 

Mild treatment with nitrous oxide and with formaldehyde gave 
no indication of a change in the toxicity of egg white (Lots 73 and 
74). The results of some other experiments, however, could be 
in accord with the hypothesis that the toxicity involves a protein. 
Chinese egg white coagulated with alcohol retained its toxicity 
after 50 hours of leaching in running water (Lots 71 and 72). The 
protein fraction of egg white precipitated by complete saturation 
with ammonium sulfate, filtered, and dialyzed was distinctly toxic 
at a concentration of 30 per cent (Lot 85). The dialyzed ammon- 
ium sulfate filtrate from the above precipitation was found not to 
be toxic. When fed in a concentration corresponding to 80 per 
cent of raw dried fresh egg white (Lot 84), it did not change the 
slowly favorable response of a diet which included 20 per cent of 
fresh egg white rendered harmless by heating at 80° for 5 or for 20 
minutes. An addition to the cooked egg white of even 20 per cent 
of actual raw dried egg white instead of this filtrate would have 
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made the ration strongly toxic (Parsons and Kelly, 1933). On 
the other hand, purified ovalbumin from fresh eggs (Lots 86 and 87) 
was found to cure the symptoms about as well as fresh egg white 
heated at 80° for 5 or 20 minutes, thus giving evidence that it 
contained no significant toxicity. Fixsen (1931) reported that the 
injurious substance in egg white was not present in crystalline 
ovalbumin, in ovoglobulin, or in the total albumin and ovomucoid 
fraction prepared from crude egg white, nor was it produced in 
these by drying. It was, however, present in the fraction of egg 
white dried after the removal of the globulin. She did not feed 
the precipitate and filtrate after complete saturation of the egg 
white with ammonium sulfate but by the process of exclusion she 
concludes that “during desiccation of egg-white a toxic substance is 
formed from some non-protein constituent and that this substance 
remains present in the mother-liquor after removal of the proteins 
by precipitation with ammonium sulphate. This hypothesis can- 
not be regarded as fully established until it has been shown that the 
addition of the dried mother-liquor to an otherwise harmless diet 
results in the production of the characteristic syndrome . . .” 

In the experiment in this laboratory with complete saturation 
of egg white with ammonium sulfate, it is possible that the total 
protein fraction carried the toxic substance by adsorption. At the 
same time, the establishment of the non-toxic character of purified 
ovalbumin does not necessarily constitute proof that ovalbumin 
is not involved in the toxicity of native egg white, inasmuch as the 
long process of purification with the use of ammonium sulfate may 
have changed its chemical constitution. Svedberg (1931) has, in 
fact, shown that lactalbumin and ovalbumin do not possess the 
same molecular weights in their native state as in the purified 
form, and that the condensation is particularly due to the action of 
ammonium sulfate, the molecular weight of lactalbumin being 
shown to increase progressively with the process of purification. 

The hypothesis that the injury from egg white is due to a simple 
amino acid deficiency is untenable. The early results of Osborne 
and Mendel (1913, 1913-14) and others as to the adequacy of egg 
albumin as a protein were confirmed by the present observation 
that Ration L, containing 20 per cent of purified ovalbumin, was 
harmless in contrast to Ration B with 66 per cent of crude egg 
white which produced severe pellagra-like symptoms. 
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An investigation has been undertaken to determine whether or 
not an allergic phenomenon is involved in the reaction exhibited 
by rats to diets rich in native egg white. 


SUMMARY 


The capacity of dietary egg white to produce a pellagra-like 
condition in the rat is destroyed during peptic digestion or by mild 
treatment with hydrochloric acid alone. That this effect is not 
due merely to denaturation is shown by the persistence of toxicity 
in egg white denatured by strong alcohol. The toxicity follows 
the protein fraction when the egg white is completely saturated 
with ammonium sulfate, but is absent in purified ovalbumin. 
Egg white denatured by strong ethyl alcohol and leached in 
running water for 50 hours is as toxic as before. 
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STUDIES ON THE PHYSIOLOGY OF PYRIMIDINES 


VII. THE METABOLISM OF ISOBARBITURIC ACID IN MAN 
By JAKOB A. STEKOL anp LEOPOLD R. CERECEDO 
(From the Department of Chemistry, Fordham University, New York) 


(Received for publication, February 10, 1933) 


In a recent paper (1) we reported a study of the metabolism of 
isobarbituric acid in the dog. Our observations led us to assume 
that in this animal isobarbituric acid is partly broken down to 
urea, partly conjugated with sulfuric acid and excreted as an 
ethereal sulfate. We found in every case, after the administration 
of the compound, a marked drop in the excretion of neutral sulfur. 
In a more recent investigation we studied the metabolism of iso- 
barbituric acid in the growing dog. This work has been reported 
in a preliminary communication (2). In the case of the growing 
dog, the results were similar to those obtained with the adult 
animal, except that no effect of isobarbituric acid on the excretion 
of neutral sulfur was noted. 

It was deemed of interest to study the behavior of isobarbituric 
acid in other species. The experiments to be reported were 
carried out in an attempt to ascertain the fate of this compound 
in man. 

EXPERIMENTAL 

A man and a woman served as subjects in these experiments. 
Both were apparently normal individuals. We were aware of 
the fact that in man we should not be able to detect such small 
changes in the excretion of urinary constituents as is possible 
in the case of animals, which are given a diet of known composition. 
However, it was believed that by feeding sufficiently large quanti- 
ties of isobarbituric acid and by controlling as accurately as 
possible the type and quantity of food eaten, we should obtain 
variations in the composition of the urine, which would enable us 
to draw conclusions as to the metabolism of this substance. 
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TABLE I 
Subject J.A.S. 3; Weight 60 Kilos 


Day | Urine | Total | UreaN| | Total S sulfate | Ethereal | Neutral 
( 

1 | 785 | 10.84] 8.40 | 0.751 | 0.899 | 0.794 | 0.043 | 0.105 ' 

2 | 785 | 11.18| 9.37 | 0.790 | 0.926 | 0.828 | 0.038 | 0.098 

3 | 900 | 11.21| 9.36 | 0.706 | 0.855 | 0.750 | 0.044 | 0.105* 

4 | 1000 | 12.66| 9.78 | 0.488 | 0.874 | 0.750 | 0.262 | 0.124 ; 

5 | 1110 | 10.92| 9.10 | 0.671 | 0.836 | 0.722 | 0.051 | 0.114 f 

6 | 978 | 11.15| 9.38 | 0.710 | 0.870 | 0.754 | 0.044 | 0.116 ( 

7 | 1060 | 10.87| 9.06 | 0.633 | 0.778 | 0.690 | 0.057 | 0.088 ‘ 

8 | 920 | 10.30| 8.35 | 0.687 | 0.825 | 0.746 | 0.059 | 0.079 ; 

9 | 1040 | 10.59| 8.78 | 0.658 | 0.827 | 0.725 | 0.067 | 0.102¢ 

10 | 900 | 12.31| 9.41 | 0.489 | 0.855 | 0.741 | 0.252 | 0.114 

11 | 740 | 9.82] 7.88 | 0.643 | 0.777 | 0.701 | 0.058 | 0.076 I 

12 | 1030 | 10.63| 8.77 | 0.637 | 0.800 | 0.705 | 0.068 | 0.095 ‘ 

* 10 gm. of isobarbituric acid were ingested at 2.30 p.m.; N = 2.18 gm. : 

t 10 gm. of isobarbituric acid were ingested at 12.30 p.m.; N = 2.18 gm q 


TABLE II 
Subject S.A.S. 9 ; Weight 57.0 Kilos 

Day | Urine | Total | ureaN| | Total culate | 
é 
ce. gm. gm. gm. gm. gm. gm. gm. f 
1 1700 | 8.19 | 6.38 | 0.478 | 0.615 | 0.542 | 0.064 | 0.073 I 
2 1640 | 7.78 | 6.34 | 0.475 | 0.617 | 0.534 | 0.059 | 0.083 t 
3 1560 | 8.01 | 6.51 | 0.481 | 0.638 | 0.565 | 0.084 | 0.073* P 

4 1820 | 9.39 | 6.81 | 0.276 | 0.647 | 0.556 | 0.280 | 0.091 

5 1820 | 8.46 | 6.32 | 0.505 | 0.662 | 6.569 | 0.064 | 0.093 
6 1540 | 8.31 | 6.66 | 0.461 | 0.594 | 0.497 | 0.036 | 0.097 c 
7 1400 | 8.27 | 6.62 | 0.494 | 0.629 | 0.539 | 0.045 | 0.090T g 
8 2065 | 8.89 | 6.57 | 0.323 | 0.666 | 0.573 | 0.250 | 0.093 i 
9 1180 | 7.96 | 6.40 | 0.511 | 0.645 | 0.556 | 0.045 | 0.089 F 

10 1395 | 7.92 | 6.31 | 0.502 | 0.677 | 0.556 | 0.054 | 0.121 
ll 1580 | 7.88 | 6.15 | 0. 0.654 | 0.554 | 0.054 | 0.100 I 
* 10.0 gm. of isobarbituric acid were ingested at 2.00 p.m.; N = 2.18 gm. 


t 8.35 gm. of isobarbituric acid were ingested at 2.00 p.m.; N = 1.83 gm. 


The caloric intake was distributed as follows: bread and sugar 
800, eggs 200, potatoes 150, milk 400, bananas 280, and liver saus- t 
age 250 calories, amounting to about 2080 calories per diem. 
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The following methods for analyses were used: total N, Kjel- 
dahl; urea, Van Slyke’s gasometric method; inorganic and ethereal 
sulfur, Folin’s method; total sulfur, Denis’ modification of Bene- 
dict’s method. j 

The meals were taken at 7.00 a.m., 12.00 noon, and 6.00 p.m. 
The urine was collected from 7.00 a.m. to 7.00 a.m. 

The results obtained after feeding isobarbituric acid to subject 
J. A. 8. are shown in Table I. We find a rise in the urea output, 
a drop in the inorganic sulfur fraction, and a corresponding in- 
crease in the ethereal sulfates. In contrast to our observations 
on adult dogs, there is no diminution of the neutral sulfur, but 
rather a slight increase. 

In Table II we present the data obtained after feeding isobar- 
bituric acid to subject 8. A.S. The results are practically the same 
as those observed in the case of subject J. A. S., except that there 
is no demonstrable effect on the neutral sulfur fraction, and no 
rise in the urea output, after feeding a smaller amount of the 
compound. 

DISCUSSION 


The observations reported in the present study indicate that 
the metabolism of isobarbituric acid in man follows the same path 
as in the dog, except for the different effect on the neutral sulfur 
fraction. In the adult dog we found a pronounced drop of the 
neutral sulfur after the administration of isobarbituric acid. On 
the other hand, the neutral sulfur of the growing dog does not 
seem to be affected. 

In a recent paper, Lawrie and Pirie (3) report that they have 
confirmed our findings as regards the conjugation of isobarbituric 
acid with sulfuric acid in the dog, but they did not observe a drop 
in the neutral sulfur fraction. Experiments are now under way, 
designed to test the validity of our previous findings. We also 
plan to repeat Lawrie and Pirie’s work, inasmuch as these investi- 
gators maintained their animals on a diet which was different 
from the one used in our experiments. 


SUMMARY 


Isobarbituric acid, when fed to humans, is partly broken down 
to urea, partly excreted as an ethereal sulfate at the expense of 
the inorganic sulfur fraction. 
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SUBSTANCES WHICH INTERFERE WITH THE ANTIMONY 
TRICHLORIDE TEST FOR VITAMIN A 


By RUTH E. CORBET, HELEN H. GEISINGER, ann HARRY N. 
HOLMES 


(From the Severance Chemical Laboratory, Oberlin College, Oberlin) 
(Received for publication, February 20, 1933) 


INTRODUCTION 


The antimony trichloride color test has become established as the 
most satisfactory chemical means for the quantitative estimation 
of vitamin A. It is not specific, however, and there are many 
references in the literature to the inconsistent results obtained by 
varying the technique and by performing the test in the presence 
of substances which seem to interfere with the development of the 
blue color. 

Von Euler and Karrer (1) report that the cod liver oil number 
obtained for a given sample of oil depends on the strength of the 
illumination used, the method of mixing, the reaction time, and is 
also affected by small amounts of antimony trichloride left in the 
tintometer cell. Brandrup (2) refers to Valentin’s paper (3) and 
mentions the destruction or befogging of the test by certain aro- 
matics, notably cinnamon oil. Dann (4), in an oxidation study, 
made quantitative tests for vitamin A in the presence of an alcohol 
only when he had first determined that the alcohol had no effect on 
the blue value obtained; and Ender (5) states that the formation 
of the blue color is prevented by various alcohols. Neither Dann 
nor Ender, however, givés any specific information. Other experi- 
menters suggest that certain oils may contain substances which 
increase or decrease the blue value (6). 

When red is added to the color ordinarily produced by vitamin 
A concentrate, both the blue and yellow components are weakened 
in equal proportions. Morgan (7) made some interesting observa- 
tions on this masking of blue by red. He used ergosterol, which 
produces a red color with antimony trichloride, to illustrate his 
theory that the value blue minus yellow is more constant than the 
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blue value in the estimation of vitamin A by the antimony tri- 
chloride reaction. 

The physiological activity of a vitamin A preparation is not 
impaired by the presence of furan, methylfuran, pyrrole, indole, 
and skatole, but the color produced with antimony trichloride is 
purple rather than blue. Spectroscopically such a mixture shows 
the 572 mp band unaltered, but no band at 610 my. Without the 
antimony trichloride reagent all but the 328 my band, character- 
istic of vitamin A concentrates, have been obscured by the addition 
of these reagents (8). Morton (9), who made a study of the extent 
to which 7-methylindole masks the 610 my band and thus renders 
the 572 my band more visible, found that when the ratio of the 
weight of 7-methylindole to the weight of concentrate was 4:1 
(molecular ratio, 10:1), the 572 mp band was most easily observed. 

Experiments conducted in this laboratory necessitated determi- 
nations of the maximum amounts of certain substances which could 
be present in a solution of a concentrate of vitamin A without 
interfering with the blue test. Data of this sort have not hitherto 
been available. 

EXPERIMENTAL 


Two groups of experiments were run, the first testing the effect 
of refluxing certain substances with a chloroform solution of cod 
liver oil, and the second testing the effect of adding various sub- 
stances to a chloroform solution of haliver oil concentrate. 

For the first group, 25 cc. of a 30 per cent by volume solution 
of cod liver oil (Parke, Davis and Company) in chloroform were 
refluxed for 10 minutes with 2.5 cc. of a reagent, the concentration 
of which is stated in the discussion of results. The solutions were 
cooled before testing, and the tests were made by the Norris and 
Church modification of the Carr-Price reaction (10). A control 
solution without any added reagent was in each case given the same 
treatment as the test solution. No precautions were taken to 
exclude air during any of the procedures. 

The second and more extensive group of tests was made on a 
haliver oil concentrate furnished by Parke, Davis and Company. 
The average cod liver oil number' of this concentrate was 2800, 

1 The cod liver oil number is calculated according to the formula of 
20 X blue units read 
mg. substance per cc. 


For 


von Euler and Karrer (1), cod liver oil number = 
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while that of the cod liver oil used in the first tests was about 2. 
The chloroform and antimony trichloride were prepared and the 
tests were made according to the method advocated in the “Phar- 
macopeeia Commission reports, Report of Cod-Liver Oil Colour 
Test Subcommittee” (11). 

The concentrate was diluted with chloroform until 0.1 cc. of the 
solution mixed with 0.1 cc. of pure chloroform in the tintometer 
cell gave a reading of about 4 or 5 blue units on treatment with 2 
ec. of antimony trichloride solution. The reading was made at 
the time of maximum intensity, usually between 5 and 10 seconds 
after beginning to add the reagent. To study the color, if any, 
produced by mixing antimony trichloride with a substance which 
interfered with the development of the blue color of a vitamin A 
concentrate, 0.1 cc. of a chloroform solution of the substance was 
diluted with 0.1 cc. of pure chloroform in the tintometer cell and 2 
ec. of antimony trichloride reagent were added. The color was 
matched as nearly as possible at 5 seconds after beginning addition 
of the reagent. The extent of interference of any substance with 
the color ordinarily produced by the concentrate of vitamin A was 
determined by mixing 0.1 cc. of solution of concentrate with 0.1 cc. 
of solution of interfering substance in the tintometer cell, and then 
testing with antimony trichloride. In Tables I, II, and III the 
concentration of the interfering substance is stated as it appeared 
in the final mixture. Thus 0.1 cc. of 0.1 m oleic acid added to 0.1 
cc. of concentrate solution makes the final concentration of oleic 
acid 0.05 m. 


DISCUSSION 


The data which show the effect of refluxing acids with cod liver 
oil in chloroform solution, before testing with antimony trichloride, 
are not tabulated in this paper. It was found that glacial acetic 
acid and 1 wn nitric acid lowered the blue value of the oil very 
slightly, but 1 Nn acetic, hydrochloric, and sulfuric acids had no 
effect. Concentrated hydrochloric acid caused a decrease of 


example, if 1 gm. of a certain oil (“‘substance”’ to be tested) were diluted to 
1000 cc. of chloroform solution, and 5 blue units (Lovibond) were read, 
obviously 1 mg. of substance per cc. is the concentration referred to in the 


X 100. 


formula. In other words, the cod liver oil number = = 
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about 60 per cent of the value given by the control. 1 drop of 
concentrated sulfuric acid in 10 cc. of the cod liver oil solution 
immediately produces a purple color which masks the antimony 
trichloride reaction, and 5 drops of concentrated nitric acid in 10 
ec. of the oil solution produce such an intense yellow that no blue 
can be observed in a subsequent reaction with antimony trichloride. 

It is readily seen by a survey of Tables I, II, and III that the 
substances can be arranged in related groups under the three 


TABLE I 
Substances Which Do Not Interfere with Test for Vitamin A 
Color produced | Color produced 
Substance in by concentrate 
Blue | Yellow; Blue | Yellow 
units | units | units | units 
vol- 
umes per cc. 
Glacial acetic acid............. 1:2 | 0.525 | 4.5 | 1.5 | 4.5 | 1.5 
rere 1:2 | 0.493 | 4.7 | 1.2 | 4.7 | 1.2 
Lauric 0.091 | 4.5 | 1.0] 4.5 | 1.0 
0.059 | 4.5 | 1.0 | 4.5 | 1.0 
Stearic 0.089 | 4.2 | 1.0 | 4.2 | 1.0 
0.084 | 4.2 | 1.0 | 4.2 | 1.0 
1:2 | 1.442) 4.7 |] 1.5 | 4.7 | 1.5 
Carbon tetrachloride. .......... 1:2 | 0.792 | 5.2 | 2.2 | 5.2 | 2.2 
1:2 | 0.628 | 4.5 | 1.3 | 4.5 | 1.3 
1:2 | 0.389 | 5.2 | 2.2 | 5.2] 2.2 
1:2 | 0.489 | 5.0 | 2.0 | 5.0 | 2.0 
1:2 | 0.483 | 4.5 | 1.5 | 4.5 | 1.5 
0.10 | 5.2 | 2.2 | 5.2 | 2.2 


main classifications. The saturated fatty acids and benzoic acid, 


_ even in high concentrations, have no effect on the full development 
of the blue color. The group of solvents found in the first class is 


heterogeneous, although some of them are closely related to chloro- 
form and would therefore be expected to have no effect. While 
benzene and toluene fall into this first class, it is interesting that 
xylene has enough effect on the test to be placed in the following 
one (Table II). Oxycholesterol produces a blue color with anti- 
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TABLE I1—Concluded 
Color produced 
in | | by 
final mixture 
Blue | Yellow | Blue | Yellow 
units units units units 
volumes 
Xylene 1:2 | 0.433 | 5.2 2.2 4.5 2.0 
1:4 | 0.216] 5.2 2.2 5.2 2.2 
Nujol 1:8 | 0.11 5.0 2.2 4.9 2.0 
1:16 | 0.055 | 5.0 2.2 5.0 2.2 
Butter fat 0.25 5.2 2.2 5.0 2.0 
0.125 | 5.2 2.2 5.2 2.2 


mony trichloride, but pure cholesterol produces no color, and, even 
in the high concentration tested, has no weakening effect. 

The saturated alcohols are rather consistent in their effect on 
the test. Although none of them produces any color alone with 
antimony trichloride, if they are not diluted to one-fourth or less 
of the total volume, they cause the color produced by the vitamin 
concentrate to be weaker and to fade more rapidly. This effect 
was characteristic of the esters and solvents which compose the 
remainder of this class. 

It is interesting that butter fat is in this group (Table II) while 
coconut oil can be placed in the first class, and the other oils 
tested, which contain a larger percentage of unsaturated fats, 
belong in the third class (Table III). Rancid oils have a much 
greater effect than fresh oils; it was necessary to dilute a sample of 
rancid Mazola 500 times before it ceased to interfere with the test 
for the vitamin. The poppy-seed oil tested was old and quite 
rancid. 

The class presented in Table III is representative of more types 
of compounds than are included in the other two classes. There 
are some substances which affect the blue test given by a concen- 
trate only as long as they produce a visible color by themselves 
with antimony trichloride, and in these cases it is obviously a mask- 
ing of the blue of the vitamin chromogen by the yellow or red 
produced by the foreign substance. (None of the substances 
tested directly with antimony trichloride showed any blue in the 
color thus produced.) Quinone is a good example of this group. 
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Its solution is such an intense yellow that when 0.2 cc. are diluted 
with 2 ec. of chloroform the color is half the depth of the yellow 
produced by reaction with 2 cc. of antimony trichloride reagent. 
When the quinone concentration is made so low that there is no 
longer any visible color produced by antimony trichloride, there 
is no masking of the blue of the concentrate. Apparently the 
colors produced by the concentrate and by a foreign substance are 
not additive. In the above case addition of the yellow shown by 
quinone to the full blue and yellow values given by the concentrate 
alone produces a color much deeper than the observed reaction 
color of the concentrate solution containing the amount of quinone 
being tested. The majority of the substances classified in Table 
III belong to this first type. 

The second type is exemplified in skatole. This compound 
ceases to give a color with antimony trichloride at a dilution of 
1:1000 m, but the interfering effect does not cease until a dilution 
of about 1:12,000 m is reached. This is especially interesting 
when considered in connection with the observations previously 
mentioned (8, 9), that the presence of skatole and related com- 
pounds in the reaction with antimony trichloride masks the 610 my 
band of the vitamin A concentrate and leaves the 572 my band 
unaltered. 

The most significant structural characteristic associated with 
the substances producing colors by themselves with antimony 
trichloride is unsaturation. Amylene, cyclohexene, and allyl 
alcohol represent simple unsaturation, and are obviously not so 
serious in their effect as compounds containing more double bonds. 
Oleic acid belongs with the above compounds, but it is better to 
place it in a series with linoleic and linolenic acids and note the 
regular increase in effect with increase in number of double bonds. 

In the cyclic nitrogen-compounds the configuration of the mole- 
cule, as well as the degree of unsaturation, has a direct relation to 
the effect produced with antimony trichloride. Pyridine has three 
conjugated double bonds, but is not so destructive to the color 
test as indole and skatole which have only two. In contrast to 
these, also, pyridine ceases to cause any weakening of the blue of 
the concentrate as soon as it alone no longer gives a color with 
antimony trichloride. The substitution of the methyl group 
apparently makes no noticeable difference between the activity 
of skatole and that of indole. 


n 
n 
n 
t 
f 
3 
| 
UM 


Color produced by substance alone 


Antimony Trichloride Color Test 


= 


Yuu. 


TABLE III 


concentrate and 


Yuu. 


produced Color produced by 


concentrate 
B.u. 


Color 


by 


final mixture 


Concentration in 


298888888 


Substances Which Interfere Seriously, and Produce a Color Alone with Antimony Trichloride 


BB: a: 3 

226 638 6 


| 664 
| 
1 
8 
‘| 
SCONNNNANN 
XUM 


*sj1un pos pus ‘moped ‘onyq puvys pus “ng 


Corbet, Geisinger, and Holmes 


n 

#8 

ms 

00ST: 1 98 

ong 

ond 


NAANAA 


19:19 19 1H 1H 


4000°0 
100°0 
T800°0 | 008:T 
| 008:T yoourdiay, 
6200°0 | 
| 002:T 
98000°0 | OOOT:T 
| 009:T 
| 0009:T 
2000°0 | 000%:T 
10000°0 
20000 °0 9199849 
T0000 
20000 
Z000°0 | 00Z9:T 
£000°0 | 0902:T 
¢00°0 
££0°0 
to pees-Addog 
02:1 
80°0 |} 


id 
SSOOAANSCAL Ce « 
ANANANNAA 
| 
« 
| 
j 
| 
| 
UM 


666 Antimony Trichloride Color Test 


Terpineol is slightly less effective than geraniol, and has one less 
double bond; pinene bears this same relation to limonene. The 
terpenes are significant since they are structurally related to vita- 
min A according to its present proposed formula. 

In spite of the extreme dilutions at which some of the tested 
compounds continued to give visible colors with antimony tri- 
chloride, or to interfere with the color given by a vitamin A con- 
centrate, it is easily seen that their color reaction is not nearly so 
delicate as that of vitamin A. Antimony trichloride no longer 
visibly affects limonene diluted to about 0.2 mg. per ec., but gives 
a strong blue (about 5 blue units for the concentrate used for these 
experiments) with a vitamin A concentrate containing as little as 
0.035 mg. per ce. 


A Lovibond tintometer, No. 7-275, with 4 inch cell depth, red 
series color standards 200, yellow 510, and blue 1180, was used. 


SUMMARY 


1. The effect of refluxing certain acids with cod liver oil in 
chloroform solution was determined. 

2. Tabulated results are presented and discussed showing to 
what extent various substances interfere with the color produced 
by reaction of a vitamin A concentrate with antimony trichloride. 
The maximum amounts of such interfering substances which may 
be present without masking the test are given. 

3. The extent of interference was found to increase with the 
degree of unsaturation and also to be modified by the configuration 
of the molecule. 


BIBLIOGRAPHY 


. von Euler, H., and Karrer, P., Helv. chim. acta, 15, 496 (1931). 

. Brandrup, W., Pharm. Zig., T7, 536 (1932). 

. Valentin, H., Pharm. Zig., 76, 1423 (1931). 

Dann, W. J., Biochem. J., 26, 666 (1932). 

Ender, F., Biochem. J., 26, 1118 (1932). 

Coward, K. H., Dyer, F. J., Morton, R. A., and Gaddum, J. H., Bio- 
chem. J., 26, 1102 (1931). 

. Morgan, R. S., Biochem. J., 26, 377 (1932). 

Emmerie, A., von Eekelen, M., and Wolff, L. K., Nature, 128, 495 (1931). 

Morton, R. A., Biochem. J., 26, 1197 (1932). 

. Norris, E. R., and Church, A. E., J. Biol. Chem., 85, 477 (1929-30). 

. Pharm. J., 126, 466 (1931). 


Soon 


log 


f 

| 

XUM 


THE CONCENTRATION OF SOY BEAN UREASE. A NEW 
METHOD FOR THE PURIFICATION OF 
ENZYMES* 


By J. STANLEY KIRK 


(From the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca) 


(Received for publication, February 16, 1933) 


In 1932 Kirk and Sumner (1) reported that soy bean urease had 
been found to be immunologically identical with jack bean urease. 
The evidence supporting this conclusion was that the antiurease 
obtained by immunizing rabbits with crystalline urease and sub- 
sequent purification (2) gave a precipitate with soy bean urease, 
caused almost identical decrease in the activity of soy and 
jack bean urease, and protected animals against lethal doses 
of soy bean urease. The tests by which jack bean antiurease was 
shown to cause a decrease in soy bean urease activity were carried 
out in the same manner as described in our first communication 
on the properties of antiurease (3). The procedure was to add 
antiurease to a solution of urease, incubate the solution at 37°, 
and then determine the residual urease activity. However, 
jack bean urease precipitated by antiurease and washed free 
from excess urease still possesses activity, the extent of which 
is related to the degree of dispersion of the flocculent urease- 
antiurease. If the activity of the urease-antiurease is determined 
in a solution containing just sufficient salt to keep the material 
flocculent, about 80 per ‘cent of the original activity is retained. 
From this it appears that the inhibitory effect of the antiurease 
consists largely but probably not entirely in decreasing the dis- 
persion of the urease. We have decided, therefore, to modify our 
method for estimating antiurease by determining its precipitating 
power against crystalline urease. This is accomplished by centri- 
fuging off the precipitate of urease-antiurease and determining 


* An investigation carried out under a grant from the Carnegie Corpora- 
tion of New York. 
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the amount of urease left in solution. The test can be carried out 
provided too great excess of urease is not present. This method 
of estimation gives more consistent results than those obtained by 
the direct determination of the decrease in activity of the urease 
without centrifuging, and the values are also higher as the activity 
of the precipitate is not included in the result. It is to be pointed 
out that this latter method is a measure of the precipitating value 
of the antiurease and not of its inhibiting power. 

In order to make a quantitative study of the effect of anti- 
urease on soy bean urease, it was necessary to obtain clear solu- 
tions of soy bean urease having as high urease activity as possible. 
For this reason soy beans of high urease content were employed 
(20 units of urease per gm. of defatted meal). The beans were 
cracked, hulled, defatted, and finally ground to a fine flour 
in a porcelain ball mill. The meal was bolted through No. 14 
silk bolting cloth. 100 gm. portions of this meal were mixed with 
500 ce. of 32 per cent acetone and filtered in the ice chest. The 
filtrate was placed in a large bottle and evaporated to one-half its 
volume by means of an air blast at 35° directed upon the surface 
of the liquid. This process removed the greater portion of the 
acetone in the solution of urease. To every 300 cc. of the final 
liquid were added 50 cc. of 9.6 per cent neutral phosphate buffer 
and a sufficient quantity of a suspension of Al,O; Cy to give a 
clear filtrate.'_ The solution was filtered clear and the urease con- 
tent determined in the usual manner. 

The addition of purified jack bean antiurease to these clear 
solutions of soy bean urease was found to precipitate the urease 
entirely, provided a sufficient excess of antiurease was added. 
According to definition, 1 unit of antiurease is the amount neces- 
sary to precipitate 1 unit of jack bean urease. With soy bean 
urease, these clear extracts being used, the amount of antiurease 
required is about 20 times greater than this. If one knows the 
amount of antiurease added and then determines the amount 
remaining in the supernatant liquid after precipitation, the 
amount of antiurease carried down per unit of soy bean urease can 
be calculated. 


1 For a definition of the type of Al(OH); here referred to as Cy see Kraut, 
H., in Oppenheimer, C., Die Fermente und ihre Wirkungen, Leipsic, 5th 
edition, 3, 445 ff. (especially p. 482) (1929). 
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If the precipitate of urease-antiurease is washed twice with 
neutral 0.4 per cent sodium chloride solution, once with a small 
quantity of redistilled water to remove most of the salt, and then 
suspended in redistilled water, it passes into a faintly opalescent 
to clear solution® and possesses an activity of 5 to 7 urease units 
per mng. 

If, however, one adds only 5 to 8 times more antiurease than 
would be required for the same quantity of jack bean urease and 
incubates the solution for a longer period of time at 37° (1 to 2 
hours instead of 15 minutes as is required when 20 times more 
antiurease is used) a precipitate is formed which is not entirely 
removed by centrifuging and does not carry down the entire 
quantity of urease in the soy bean extract. When this precipitate 
is washed thoroughly with 0.4 per cent sodium chloride solution, 
then with a small quantity of redistilled water, and finally sus- 
pended in redistilled water, it has been found to contain on an ash- 
free basis 17 units of urease per mg. 

Since our defatted soy bean meal contains 20 units per gm., it 
can be seen that by thus precipitating the urease with antiurease 
the actual concentration accomplished is 850 times. This, so 
far as we are aware, is more than has ever been possible by other 
methods. For comparison it may be noted that Zakowski (4) 
was able to concentrate soy bean urease only from 5 to 8 times by 
a procedure which involves precipitation with carbon dioxide. 

Recrystallized jack bean urease has been found to have an 
activity of 133,000 units per gm. on an ash-free basis, and since 
soy bean meal free from fat possesses an activity of 20 units per 
gm., it may be calculated that if soy bean urease is identical with 
jack bean urease the former should be capable of purification of 
6600 times. We have found that when purest jack bean urease is 
precipitated with antiurease the washed precipitate has on an 
ash-free basis an activity of 40.2 urease units per mg. Therefore, 
the amount of concentration of soy bean urease achieved by pre- 
cipitation with antiurease amounts to 42 per cent of that theoret- 
ically possible, provided soy bean urease is identical with jack 
bean urease. 


2It is of interest to note that the addition of salt to these solutions 
causes an immediate and complete flocculation. 
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SUMMARY 


1. A new method for the purification of soy bean urease has been 
developed. 

2. Soy bean urease has been purified 850 times by precipitation 
with antiurease. 

3. Soy bean urease is completely precipitated from extracts of 
soy bean by adding an excess of highly purified antiurease. 
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THE DIGITALIS GLYCOSIDES 
Vil. THE ISOMERIC DIHYDROGITOXIGENINS 
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Gitoxigenin as a A*’-lactone can be catalytically hydro- 
genated. Contrary, however, to observations which have been 
made with the other cardiac aglucones, a complication has ap- 
peared which has caused a difference of opinion. Windaus and 
Schwarte! first found that gitoxigenin in acetic acid solution 
absorbs 1 mol of hydrogen with platinum black. Cloetta? some- 
what later reported that the aglucone with platinum black in 
alcoholic solution appeared to absorb from 1 to 2 mols of hydrogen 
with the formation of two substances, ‘‘tables’’ which melted at 
212° and “needles” which melted at 241°. The former he con- 
sidered to be a dihydrogenin of the formula CH 05, and the 
latter possibly a tetrahydro derivative, C22:H3s05. Jacobs and 
Gustus* later adopted for gitoxigenin the formula C.,;HsOs, and 
confirmed the original observation that it absorbs but 1 mol of 
hydrogen. However, at the time, they obtained only one sub- 
stance, a dihydrogitoxigenin, which crystallized as needles and 
melted at 249-250°. Simultaneously Windaus, Westphal, and 
Stein‘ confirmed the formation of both of Cloetta’s substances but 
considered them to be isomeric dihydrogitoxigenins of the formula 
C2sHsc05. It was also reported that the “tables” of melting point 
212° appeared to be convertible into the “needles” which melt at 
241°, and that both yield the same dianhydro derivative and 


1 Windaus, A., and Schwarte, G., Ber. chem. Ges., 68, 1518 (1925). 
2 Cloetta, M., Arch. exp. Path. u. Pharmakol., 112, 285 (1926). 
3 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 79, 558 (1928). 
* Windaus, A., Westphal, K., and Stein, G., Ber. chem. Ges., 61, 1850 
(1928). Stein, G., Inaugural dissertation, University of Géttingen (1929). 
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diacetyldihydrogitoxigenin. According to Stein, an active, rapidly 
acting catalyst gives up to 70 per cent of the “tables,” which, es- 
pecially in acid solutions, rearrange to the higher melting “needles.” 

More recently in order to interpret correctly a series of observa- 
tions which we had made with dihydrogitoxigenin, it was neces- 
sary to go more fully into the study of this substance and its 
derivatives. We have definitely confirmed the existence of the 
two isomeric substances and have further found that each gives 
rise to a different series of derivatives. When gitoxigenin is rapidly 
hydrogenated in neutral alcoholic solution, at least 70 per cent of 
the substance may be readily recovered as a-dihydrogitoxigenin, 
the “tables” which possess a rotation of [a]? = +42° (c = 0.5in 
pyridine). The “needles,” or 8-dihydrogitoxigenin, which are ob- 
tained on slow hydrogenation or by rearrangement as described 
below, give a rotation of [a]? = —55° (c = 0.7 in methy] alcohol). 
With gitoxigenin itself the observed value is [a], = +32.6° (in 
methy] alcohol).? 

In the following list will be found a comparison of these rota- 
tions with those of other genins and their dihydro derivatives. 


Strophanthidin’...................... +43.1° in methyl alcohol 
+34.85°“ “ 
+31.5° “ ethyl 
Dihydroperiplogenin’................. 
+19.1° “ methyl “ 
Dihydrodigitoxigenin................. *. 
8-Dihydrogitoxigenin................. -55.0° “ “ 


It appeared probable, therefore, that a-dihydrogitoxigenin must be 
the normal derivative and that the levorotatory 8 form must be 
the result of a secondary rearrangement. A clue to the nature of 
this isomerism was found in the following way. 


5 Jacobs, W. A., and Heidelberger, M., J. Biol. Chem., 64, 253 (1922). 
6 Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 79, 527 (1928). 
7 Jacobs, W. A., and Bigelow, N. M., J. Biol. Chem., 99, 528 (1933). 

8 Windaus, A., and Stein, G., Ber. chem. Ges., 61, 2437 (1928). 

® Smith, S., J. Chem. Soc., 509 (1930). 
10 Smith, 8., J. Chem. Soc., 2480 (1930). 
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When the a form was dissolved in acetic acid the solution was 
found to mutarotate. A gradual change took place from dextro- 
rotation to levorotation, which remained constant after some 
hours. This, however, proved to be an equilibrium mixture in 
which the 8 form greatly preponderated; for if the rotation of a 
solution of the pure 8 form in acetic acid was similarly examined, 
it was found to mutarotate from a stronger levorotation and 
approached the same equilibrium point. A similar phenomenon 
was observed in pyridine solution containing a trace of ammonia. 
In pure pyridine solution the rotations of each isomer remained 
practically constant, but, when a trace of ammonia was added, 
mutarotation was at once induced and the same equilibrium point 
was finally reached in each case. This point represented again a 
preponderance of the 8 form, though in less degree than in the case 
of the acetic acid solution. 

When dihydrodigitoxigenin, on the other hand, was similarly 
studied, its solution in acetic acid or in pyridine with ammonia 
exhibited no apparent mutarotation. Since we have shown" 
in previous work that gitoxigenin differs from digitoxigenin only 
by an extra hydroxyl group, it appeared probable that the extra 
hydroxyl group of the former plays a réle in the isomerism of the 
two dihydrogitoxigenins. Also since we have shown" that this 
extra hydroxyl group must be in reactive proximity to the lactone 
group, it is at once suggested that the isomerization of the a into 
the 8 form must be in the nature of an Umesterung. According to 
this, a-dihydrogitoxigenin must possess the normal lactone group. 
In the formation of 8-dihydrogitoxigenin this lactone group has 
opened and the carboxyl group has lactonized again, but on the 
extra hydroxyl group in question. This conclusion has been 
supported by a study of the behavior of these substances on 
saponification and acylation. For convenience, the extra hydroxyl 
group will be called OH, and that set free from the original lactone 
group on isomerization, OH,. 

Both a- and §-dihydrogitoxigenin on saponification have been 
found to yield the same crystalline hydroxy acid, dihydrogitoxigen- 
inic acid. On relactonization the 8 isomer preponderates, but 
under certain conditions an appreciable formation of the a isomer 
has also been noted. 

" Jacobs, W. A., and Gustus, E. L., J. 


.L Biol. Chem., 86, 199 (1930). 
12 Jacobs, W. A., and Gustus, E. L. 


Biol. Chem., 88, 531 (1930). 
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As already reported by Windaus and Stein, both the a and 8 
forms yield the same diacetate when boiled with acetic anhydride, 
the rotation of which we have found to be [a], = —77° (c = 
0.765 in pyridine). This rotation as well as the fact that the 8 
form preponderates in acid solutions indicates that this derivative 
is B-dihydrogitoxigenin diacetate. This view has been substantiated 
by the preparation of the a form by the direct hydrogenation of 
gitoxigenin diacetate. The resulting a-dihydrogitorigenin diace- 
tate showed a rotation of [a], = +61° (c = 0.5 in pyridine). In 
this substance there can be no question of the identity of the 
hydroxyl group involved in the lactone ring. 

When the two forms were benzoylated in pyridine solution, the 
substances formed were, respectively, an a-dihydrogitoxigenin 
dibenzoate ({a], = +52° (c = 0.425 in pyridine)) and a 8-dihydro- 
gitoxigenin dibenzoate ([a], = —45° (c = 0.54 in pyridine)). 

Contrary to the behavior of a-dihydrogitoxigenin itself, neither 
the a-diacetate nor the a-dibenzoate was rearranged when 
boiled with acetic acid or acetic anhydride. Resistance to re- 
arrangement in these cases can be explained only on the assump- 
tion that Umesterung of the lactone group, which occurs in the 
case of both dihydrogenins, is prevented by preliminary acylation 
of the free hydroxyl groups. 

An interesting difference has been noted in the behavior of the 
two dihydrogenins on acylation with acetic anhydride in pyridine 
solution. Whereas the 8 form readily gives the usual 8-diacetate 
under these conditions, the a form, even on extending the reaction 
time, gave principally a monoacy] derivative, a-dihydrogitoxigenin 
monoacetate. Since this substance mutarotated and could be 
isomerized to 6-dihydrogitoxigenin monoacetate, it is obvious that 
the extra hydroxyl group (OH,) is the one which is more resistant 
to acylation. The secondary OH™ has been acylated. 

The fact that the a-dihydrogenin yields the 6-diacetate on 
heating with acetic anhydride shows that rearrangement must 
occur more rapidly under such conditions than the acylation of 
OH,. If the latter is speeded up by the addition of zinc chloride 
to the mixture, acylation occurs too rapidly for such rearrange- 
ment. But simultaneously the tertiary hydroxyl group (OH") of 
the aglucone is removed. From the a-dihydrogenin a dextrorota- 
tory anhydro-a-dihydrogitoxigenin diacetate is formed, while the 
8 form yields a levorotatory anhydro-8-dihydrogitoxigenin diacetate. 
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All attempts to hydrogenate the double bond in each cf these 
anhydro derivatives were unsuccessful. 

In view of the lability of the two dihydrogitoxigenins, it was 
necessary to reexamine the results obtained in our earlier work on 
the oxidation of dihydrogitoxigenin.'* These results have since 
been shown to have been confused by the non-homogeneous char- 
acter of the starting material. If a-dihydrogitoxigenin is oxidized 
with chromic acid in acetic acid solution before appreciable re- 
arrangement can occur, the principal crystalline substance is the 
neutral substance, a-orodihydrodigitoxigenon, already described. 
The yield of this at best was only about 40 per cent of the starting 
material. The major portion of the reaction product was also 
neutral but could not be crystallized. But traces of the pre- 
viously described acid, C2;H320¢, could be obtained. On the other 
hand, if 6-dihydrogitoxigenin is oxidized, none of the former sub- 
stance could be obtained. Instead, the above acid, CysH320., in a 
yield up to 25 per cent, resulted. Here again non-crystalline 
neutral material preponderated. But from this neutral fraction 
about 15 per cent of a new crystalline substance was isolated, the 
analysis of which indicated a formula C.;H;,O5. After saponifica- 
tion it appeared to titrate monobasically. A further investigation 
of this substance for the moment has been deferred. There is a 
consistency, however, in the fact that both products from §- 
dihydrogitoxigenin are of a similar order of levorotation to that of 
the parent substance, while the above a-oxodihydrodigitoxigenon, 
like a-dihydrogitoxigenin, is dextrorotatory. 

A further study of a-oxodihydrodigitoxigenon has confirmed its 
previously described dehydration to an anhydro compound with 
dilute hydrochloric acid in acetic acid solution, although in acetic 
acid solution alone no appreciable loss of water occurred. The 
hydroxyl group involved in this is unquestionably the tertiary 
hydroxyl, OH". Similarly, the loss of water in alkaline solution 
must involve the same hydroxyl group and is apparently induced 
by enolization of the carbonyl group arising from OH». This 
at once suggests a 1,4 relationship between these two groups. 
Since the OH; is most likely to be in a position + or 6 to the lactone 
carboxy] in order to permit Umesterung, certain possible structures 
may be considered to explain the observed facts which are com- 
patible with previous structural findings. One of these is an a- 
hydroxylactone 
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HCOH—CH——CH C 


co CH, COH C 
Cc 
I 
in which the so called Umesterung to 6-dihydrogitoxigenin might 
be a lactid formation between 2 molecules. 


4 
COH CH,OH CO—0O—CH—CH——CH 


| | 
CH——CH——CH—O—CO CH,OH 


II 

However, molecular weight determinations on the 6-diacetate 
and 6-anhydrodiacetate gave monomolecular results. 

An alternative assumption is that the unsaturated lactone 
group of gitoxigenin is not attached directly but through an inter- 
mediate carbon carrying a hydroxymethyl branched chain as given 
in Formula ITI. 

CH,0H 


Ill 


a-Dihydrogitoxigenin would be expressed as in Formula IV and 
A-dihydrogitoxigenin rearrangement would occur as shown in 
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The original assumption that the A*’-lactone group of strophan- 
thidin and therefore of related aglucones is directly attached to 
Ring I, as in Formula I, was based on oxidation experiments with 
trianhydrostrophanthidin™ in which Ring I has become benzenoid. 
Here degradation of the lactone group to an acid, CyH,O3, occurs 
with loss of 3 carbon atoms. Further degradation work with this 
acid is now in progress to determine the validity of the above 
formula suggested by the dihydrogitoxigenin results. 


At this point we wish to make our grateful acknowledgment to 
E. Merck, Darmstadt, Germany, and Merck and Company, Inc., 
of Rahway, New Jersey, for the generous gift of “digitoxin by- 
product” which was the source of the gitoxigenin used in this 
work. 

EXPERIMENTAL 


a-Dihydrogitoxigenin—10 gm. of gitoxigenin were hydrogenated 
in alcoholic solution with 0.5 gm. of the platinic oxide catalyst of 
Adams and Shriner. The reaction proceeded rapidly and ceased 
after 30 minutes, when approximately 1 mol of H, had been ab- 
sorbed. On concentration of the filtrate under diminished 
pressure successive crops of “tables,” each of which melted at 
212-213° and showed the same rotation of [a]?? = +42° (c = 0.5 
in pyridine), were obtained. This was not altered on recrystal- 
lization. The yield was 7 gm. The final mother liquor very 
slowly deposited needles which proved to be the higher melting 
8 form. 

The occasion was used to check the possible formation of any 
desoxy acid“ during the hydrogenation of this unsaturated lactone. 
Accordingly the final mother liquor after concentration was dis- 
solved in chloroform. When this was shaken out with dilute 
sodium carbonate solution, an appreciable amount of acid material 
was extracted. When the carbonate solution was reacidified with 
acid and extracted again with chloroform, the latter yielded on 
concentration an appreciable crystalline residue. This now 
proved to be neutral and melted after recrystallization at 242-244°. 
[a], = —57° (c = 0.25 in methyl alcohol). According to these 


18 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 805 (1927). 
M Jacobs, W. A., and Scott, A. B., J. Biol. Chem., 87, 601 (1930); 98, 
139 (1931). 
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properties and the analytical results, the substance was 8-dihydro- 
gitoxigenin. Therefore, the free hydroxy acid which results on 
opening up the lactone group must exist under certain conditions 
in small amounts in equilibrium with the neutral dihydrogenins. 


4.172 mg. substance: 3.450 mg. H,0, 10.800 mg. CO, 
C2sHx0s. Calculated. C 70.36, H 9.25 
Found. “70.60, ‘ 9.25 


In another hydrogenation experiment which proceeded much 
more slowly and required 7 hours for completion, the resulting 
mixture gave on fractionation a definite mixture of “tables’’ and 

‘needles’ of the a and 8 form. 

‘  [nterconversion of a- and B-Dihydrogitoxigenin—The following 
rather rough experiments which were made for purposes of orien- 
tation are reported to show the interconversion of the two isomers. 

When the a form was dissolved in acetic acid the solution was 
found to mutarotate due to partial conversion into the 8 form. 
0.1 gm. of the a isomer was dissolved in a mixture of 5 cc. of acetic 
acid and 1 cc. of water. Although the reaction had already pro- 
gressed, the first reading in a 1 dm. tube taken within 10 minutes 
was a = +0.15°. 1 hour later it had changed to a = —0.37°, 
and after 5 hours it remained practically constant at a = —0.67° 
or [a], = —40° (c = 1.67). 

Similarly, 0.0226 gm. of the 8 isomer was dissolved in a mixture 
of 2 cc. of acetic acid and 0.5 ce. of water. Within 10 minutes in 
a 1 dm. tube a = —0.59° or [a], = —65° (c = 0.9). After 80 
minutes a = —0.47°. After 18 hours the rotation had reached 
—0.43° or [a], = —48° (c = 0.9). 

From this it was obvious that the 8 form greatly predominated 
in this equilibrium mixture. In the first experiment dilution and 
concentration of the mixture to dryness in vacuo to remove the 
acetic acid and recrystallization of the residue from alcohol gave 
an excellent yield of needles which melted at 245-246°. This 
method, therefore, became a convenient method of preparing 
readily 6-dihydrogitoxigenin and was later used on a larger scale. 

When the a or 8 forms were dissolved in pyridine only a slight 
change in rotation occurred on standing for 18 hours. However, 
when a trace of ammonia was added, mutarotation was at once 
induced as follows: 
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0.03 gm. of a-dihydrogitoxigenin was dissolved in 3 cc. of 
pyridine. [a], = +42°. The solution was exposed to a trace of 
ammonia vapor. The change in rotation which was followed at 
intervals reached an equilibrium after 6 hours when [a], = —33°. 

Similarly, 0.0306 gm. of §-dihydrogitoxigenin was dissolved 
in 3 ce. of pyridine. At the outset [a]? = —82°. Following ex- 
posure to ammonia a change occurred, and overnight the rotation 
had reached an equilibrium point of [a], = —34°. The equilibrium 
point here consists approximately of 60 per cent of 8 form and 40 
per cent of the a form. 

Dihydrogitoxigeninic Acid—0.1 gm. of a-dihydrogitoxigenin was 
treated with a mixture of 1 cc. of alcohol and 1 cc. of 10 per cent 
sodium hydroxide. Solution rapidly occurred on stirring, due to 
saponification, but almost at once leaflets of the sodium salt 
separated. The mixture was carefully neutralized with acetic acid 
and then slightly acidified with the latter. On rubbing with a rod 
the salt was gradually replaced by crystals of the free acid. After 
collection with water it was freely soluble in dilute sodium car- 
bonate solution. It melted with effervescence at about 170° 
and then solidified again and melted at about 235°. [a], = +22° 
(c = 0.545 in alcohol). On standing, the rotation slowly changed 
and after 18 hours [a], = -—37°. Therefore, lactonization 
gradually occurred, but mostly to 8-dihydrogitoxigenin. 

The same acid was obtained under identical conditions from B- 
dihydrogitoxigenin and showed identical properties. 

4.315 mg. substance: 3.515 mg. H,O, 10.600 mg. CO, 


CrsHss0s. Calculated. C 67.27, H 9.33 
Found. « 67.00, “ 9.11 


Attempts to prepare an ester from this acid for further purposes 
were frustrated by ready relactonization. 

a-Dihydrogitoxigenin Diacetate—This substance was obtained 
by hydrogenation of gitoxigenin diacetate in alcoholic solution with 
Adams’ catalyst. Gitoxigenin diacetate itself was prepared without 
difficulty by refluxing gitoxigenin in acetic anhydride for 45 minutes. 
The dihydrodiacetate melted at 213° after preliminary softening 
above 205°. 

[a]5 = +61° (c = 0.5 in pyridine) 

4.175 mg. substance: 3.135 mg. H,0, 10.425 mg. CO, 


C27HwO7. Calculated. C 68.02, H 8.46 
Found. ** 68.10, “* 8.40 


— 
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When this diacetate was refluxed for 45 minutes in acetic an- 
hydride, it was recovered unchanged. [a]? = +61°. 

a-Dihydrogitoxigenin Monoacetate (OH™)—A solution of 0.15 
gm. of a-dihydrogitoxigenin in 10 cc. of dry pyridine was treated 
with 1 cc. of acetic anhydride and left for 20 hours at ordinary 
temperature. It crystallized readily on dilution. It formed 
leaflets from alcohol which softened at 206-208° but did not clear 
till 213°. [a] = +35° (c = 0.626 in pyridine). 

The titration showed the presence of one acetyl and one lactone 
group. 12.610 mg. of substance were refluxed in 1 ce. of alcohol 
and 3.5 cc. of 0.1 Nn NaOH for 4 hours and titrated back against 
phenolphthalein. Calculated for 2 mols, 0.581 ec. ; found, 0.607 ec. 


4.357 mg. substance: 3.420 mg. H,0, 11.050 mg. CO, 
CxsHis0s. Calculated. C 69.08, H 8.82 
Found. “ 69.17, “ 8.78 


When the pyridine solution of this monoacetate was exposed 
to a trace of ammonia the rotation gradually changed from the 
above [a], = +35° and after 18 hours became [a]? = —32°. 
This behavior, analogous to that of a-dihydrogitoxigenin itself, 
shows that OH, is free and that OH™ is the group which has been 
acetylated. 

B-Dihydrogitoxigenin Monoacetate (OH™)—The above mono- 
acetate was dissolved in 50 parts of acetic acid diluted with one- 
fourth volume of water. After 18 hours the diluted solution was 
extracted with chloroform. The latter, after being washed free 
of acetic acid, gave a residue which crystallized under alcohol- 
ether mixture. It formed leaflets from alcohol which melted at 
224-226°. [a]? = —82° (c = 0.82in pyridine). 

4.177 mg. substance: 3.300 mg. H,0, 10.590 mg. CO, 


C2sH3s0s. Calculated. C 69.08, H 8.82 
Found. “ 69.15, “ 8.84 


8-Dihydrogitoxigenin Diacetate—This was prepared as described 
by Stein‘ by refluxing either isomer with acetic anhydride. The 
addition of sodium acetate was found unnecessary. It formed 
needles which melted at 242°. 

[a]5 = —77° (c = 0.765 in pyridine) 

4.223 mg. substance: 3.152 mg. H.O, 10.490 mg. CO, 


C27HyoO7. Calculated. C 68.02, H 8.46 
Found. 67.75, 8.35 
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The same diacetate was obtained by acylation of 8-dihydro- 
gitoxigenin with acetic anhydride in pyridine solution. This was 
contrary to the above experience with a-dihydrogitoxigenin which 
yielded only a monoacetate. 

a-Dihydrogitoxigenin Dibenzoate—The a isomer was acylated in 
pyridine solution with benzoyl chloride. To insure complete 
reaction it was found advisable to allow the mixture to stand 18 
hours at room temperature. After dilution with dilute acid it was 
extracted with chloroform. The washed extract on concentration 
readily crystallized on addition of aleohol. After recrystallization 
from chloroform-alcohol it formed flat needles which melted at 
253°. 

[a]5 = +52° (c = 0.425 in pyridine) 
4.170 mg. substance: 2.680 mg. H,O, 11.222 mg. CO, 


CaHuO0;. Calculated. C 73.95, H 7.39 
Found. “ 73.38, “ 7.19 


After this substance had been refluxed in acetic acid for 1 hour 
it was recovered unchanged. [a]? = +53°. 

B-Dihydrogitoxigenin Dibenzoate—This was similarly prepared 
from the 8 compound. It formed needles from chloroform- 
alcohol which melted at 233°. In this case it sufficed to allow the 
reaction mixture to stand for 2 hours for complete reaction. 


[a]> = —45° (c = 0.54 in pyridine) 
3.900 mg. substance: 2.640 mg. H,O, 10.600 mg. CO, 
Cs7HyO;. Calculated. C 73.95, H 7.39 
Found. “ 74.18, “ 7.57 


Anhydro-a-Dihydrogitoxigenin Diacetate—The a-dihydrogenin 
was heated in 30 parts of acetic anhydride containing 2 per cent of 
zine chloride at 70° for 1§ minutes. On dilution the substance 
gradually crystallized. It formed large needles from methyl 
alcohol which began to sinter together above 120° and finally 
melted at 208°. 


[a]> = +82° (c = 0.515 in pyridine) 
3.791 mg. substance: 2.880 mg. HO, 9.890 mg. CO, 
C27H3s0s. Calculated. C 70.70, H 8.36 
Found. * 71.15, “ 8.50 


Although the substance gave a positive test with tetranitro- 
methane, attempts to hydrogenate it were unsuccessful. 
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The same substance, although in poorer yield, was obtained by 
acetylation of the a compound with acetic anhydride and a drop 
of sulfuric acid. 

Anhydro-8-Dihydrogitoxigenin Diacetate—This was prepared 
from §-dihydrogitoxigenin, as in the previous case, with acetic 
anhydride and zinc chloride. It formed needles from methyl 
alcohol, which melted at 157°. 


[a]5 = —34° (c = 0.955 in pyridine) 
3.953 mg. substance: 2.975 mg. H,O, 10.245 mg. CO, 
C27H3s0s5. Calculated. C 70.70, H 8.36 
Found. ** 70.68, 8.42 


The molecular weight determination was made by the Rast 
method. 3.020 mg. of substance: 28.675 mg. of camphor, A = 
9.3. Molecular weight found, 453; calculated, 458. 

Like its a isomer, this substance resisted attempts to hydro- 
genate it. 

Oxidation of a-Dihydrogitoxigenin—In order to prevent exten- 
sive isomerization to the 8 form anticipating the desired oxidation, 
0.5 gm. of the a form was well mixed in a tube with 2.5 ec. of 20 
per cent aqueous chromic acid solution. Then 10 cc. of acetic 
acid were added with stirring. Solution rapidly occurred with 
spontaneous warming to about 27°. After 5 minutes, the chilled 
and diluted solution was extracted with chloroform. This was 
separated, as previously given, by extraction with dilute sodium 
carbonate into an acid and a neutral fraction. The chloroform 
extract of the acidified carbonate solution gave but a small residue 
which crystallized under acetone. The amount, however, was 
very small and had its origin in some unavoidable rearrangement of 
the a into the 8 form before oxidation could occur. 

The neutral fraction crystallized easily under acetone and was 
collected in successive fractions. The yield was 0.16 gm. An 
appreciable amount of amorphous material remained in the final 
mother liquor. 

The crystalline substance melted with slow effervescence at 
219-220° after preliminary sintering and proved to be identical 
with the a-dioxodihydro derivative previously described. [a], = 
+92° (c = 0.425 in acetone). 

Oxidation of 8-Dihydrogitoxrigenin—1.5 gm. of the 8 compound 
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in 30 cc. of acetic acid were oxidized with 7.5 cc. of 20 per cent 
chromic acid solution. After 5 minutes the diluted solution was 
worked up as in the previous experiment. The chloroform solution 
of the acid fraction crystallized readily on concentration and was 
aided by the addition of ether. The yield of the acid was 0.4 gm. 
This proved to be identical with the acid previously described. 

The chloroform solution of the neutral fraction on concentration 
gave an appreciable crystalline deposit. By careful addition of 
ether the separation was facilitated. If too much ether was added, 
however, a copious resin which preponderated was also precipi- 
tated. The crystals after collection were washed with a chloro- 
form-ether mixture (1:1). The yield was 0.22 gm. The sub- 
stance was recrystallized by solution in dry acetone with a few 
drops of water and subsequent concentration. It was collected 
with dry acetone in which it is but sparingly soluble. It melted 
at 228° with slow effervescence. 


[a]5 = —42° (c = 0.235 in acetone) 
4.315 mg. substance: 3.325 mg. H,O, 11.205 mg. CO, 
CxsHs,0;. Calculated. C 70.72, H 8.78 
Found. 70.80, 8.62 


The presence of at least one lactone group was indicated by 
titration as follows: 

14.34 mg. of substance were refluxed for 4 hours in 1 cc. of 
alcohol and 3.5 cc. of 0.1 N NaOH and titrated back against 
phenolphthalein. Calculated for 1 mol, 0.368 cc. ; found, 0.428 ce. 

There is no possibility that this neutral substance has been 
confused with unchanged starting material since in another experi- 
ment in which the oxidation mixture was allowed to stand for 45 
minutes the same neutral substance was obtained. 
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MAXIMUM ROTATIONS OF PHENYL COMPOUNDS 


By P. A. LEVENE anp R. E. MARKER 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 7, 1933) 


In a number of previous communications from this laboratory 
the influence of the distance of a functional group from the asym- 
metric center on the optical rotation of a substance was frequently 
referred to. In the present paper this problem will be discussed in 
connection with the data on the maximum rotations of the disub- 
stituted acetic and propionic acids containing a phenyl group and 
of their derivatives. In earlier articles on the optical rotation of 
this group of substances no attempt was made to present the 
maximum rotations. These are now reported for the methyl- 
and ethylphenylacetic acids and the substances derived from them; 
and for 3-methyl-3-phenyl- and 3-ethyl-3-phenylpropionic acids 
and the substances derived from them. 

In the methyl series the maximum rotations of the following 
substances were obtained by resolution: 2-phenylpropionic acid 
(Levene and Marker), 2-phenylpropanol-1 (Cohen, Marshall, and 
Woodman, Table I), 3-phenylbutyric acid (Levene and Marker), 
3-phenylbutanol-1 (Cohen, Marshall, and Woodman, Table I), and 
methylethylphenylmethane (Harrison, Kenyon, and Shepherd) 
(see Table I). The two bromides were obtained from the two 
carbinols and the question naturally arose as to whether or not the 
reactions were accompanied by racemization. In regard to the 
3-phenylbutanol-1, the question was decided in the negative on the 
ground that on reduction, the bromide prepared by Cohen, 
Marshall, and Woodman with the rotation of [MJ® = 159.9° 
gave the methylethylphenylmethane with the rotation of 36.6°, 
the value found by Harrison, Kenyon, and Shepherd for the 
maximum rotation of the hydrocarbon. This finding furnishes 
evidence that the value 159.9 for the bromide was the maximum 
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value, which, in its turn, confirms the value 54.8 as the maximum 
value for the molecular rotation of 3-phenylbutanol-1. By a similar 
method it was possible to confirm the value 81.3 as the maximum 
value for 3-phenylbutyric acid, for the reason that by starting from 
this acid and converting it by successive stages into the methyl- 
ethylphenylmethane, the hydrocarbon is obtained with a [M]? of 
36.6°. 

There is less certainty as to the maximum value for the 2- 
phenyl-1-bromopropane. The bromide with a rotation of 31.0° 
was shown to lead to the 3-phenylbutyric acid having a rotation of 
62° instead of the expected 81.3° and to the methylethylphenyl- 
methane of a [M]® = 27.6°. There are possible two alternative 
explanations for this discrepancy: either racemization took place 
in the process of bromination (in that case the maximum value of 
the rotation of the bromide should be 40), or the maximum value 
of the bromide is actually 31 (in that case it would be necessary to 
assume that the racemization took place in the process of the 
transformation of the bromide into 3-phenylbutyric acid). The 
fact, however, that both the bromide and the chloride derived 
from 2-phenylpropanol-1 lead to a 3-phenylbutyric acid having 
the same value of rotation seems to speak in favor of the fact that 
the racemization took place during the process of bromination. 
In any case the maximum rotation of the 2-phenyl-1-bromopro- 
pane could not be higher than 40. Table I illustrates the manner 
in which the maximum values were obtained. 

In the ethyl series the maximum rotations were obtained by 
direct resolution for two substances, namely 2-phenylbutyric acid 
and 3-phenyl-n-valeric acid (reported in the experimental part). 
The methylethylphenylmethane previously mentioned may be 
regarded also as a member of the ethyl series, thus furnishing a 
third member, of which the maximum rotation is known. In view 
of the fact that in the case of the methyl series all reactions per- 
formed on the 3-phenylbutyric acid were accomplished without 
racemization, it is justifiable to assume that the reactions per- 
formed on the 3-phenyl-n-valeric acid likewise are accomplished 
without racemization and hence that the values given in Table II 
for 3-phenylpentanol-1 and for 3-phenyl-1-bromopentane represent 
the true maximum values. The value for the 2-phenyl-1-bromo- 
butane could be calculated on the basis of two independent re- 
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actions. First, on reduction it is transformed into the methyl- 
ethylphenylmethane. From the ratio of the rotations of the 
bromide and the hydrocarbon obtained by experiment and from a 
knowledge of the maximum value of the rotation of the hydro- 
carbon, it is possible to calculate the maximum rotation of the 
bromide. In this manner the value 22.7 is obtained. Secondly, 
the maximum value of the bromide may be calculated from the 
value of the rotation of 3-phenyl-n-valeric acid derived from it and 


TABLE I 
Comparison of Maximum Values Obtained with Those Previously Reported in 
Literature. [M I (Homogeneous) 


CH; CH; CH; 
,COOH 
oH, ban, C.Hs 
—20.7* —31.0* —62.0f 
—40.0 —81.3f 
CH; CH; CH; 
ban, ban, oH; 
—155.1* —52.8* 
—36.6 —157.7§ —54.8§ 


* Cohen, J. B., Marshall, J., and Woodman, H. E., J. Chem. Soc., 107, 
901 (1915). 

+ Calculated on the basis of bromide of 31.0°. 

t By direct resolution by Levene and Marker. 

§ Calculated on the basis of the maximum rotation of the acid (81.3°). 

|| Harrison, P. W. B., Kenyon, J., and Shepherd, J. H., J. Chem. Soc., 
660 (1926). 


from the maximum value of the rotation of the acid derived by 
direct resolution. In this manner, for the bromide was calculated 
a value of 21.6, which is practically identical with that obtained 
by the first method. The maximum value for the 2-phenyl- 
butanol is calculated from the experimental value of the carbinol 
and the bromide derived from it and from the maximum value of 
the rotation of the bromide. All the maximum values are sum- 
marized in Table II. 
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The most striking points in Table II are the differences in the | 
values of 2-phenylpropanol-1, 2-phenylbutanol-1, 2-phenyl-1- | 
bromopropane, 2-phenyl-1-bromobutane on one side and of 3- 
phenylbutanol-1, 3-phenylpentanol-1, 3-phenyl-1-bromobutane, 
and 3-phenyl-1-bromopentane on the other. Contrary to what 
was to be expected on the basis of the distance rule previously ( 


CH; 


+111.2 
(+114.0)* 


* In benzene. 
¢ Cohen, J. B., Marshall, J., and Woodman, H. C., J. Chem. Soc., 107, 901 (1915). 


formulated by Tschugaeff' and recently emphasized by Kuhn,’ the al 
values of the second group of substances are higher than those of ni 
the first. 

A similar sequence of events has been observed in the case of the 
derivatives of the aliphatic disubstituted acetic and propionic 


1 Tschugaeff, L., Ber. chem. Ges., 31, 360 (1898). 
* Kuhn, W., in Freudenberg, K., Stereochemie, Vienna, 404 ff. (1932). 


Swe 


TABLE 11—Mazimum Molecular Rotations of Phenyl and C; ratio 
q CH; CH; CH; CH; ; 
| H—O—CH,OH H 
bat, ban, ban, ban, 
+106.0 —20.7f —31.0t —81.3 -56.9 
(—76.8)* 
C.Hs C.H; C.H; C.H; 
| bat, bun, ban, ban, ban, 
+138.5 +128.2 +35.0 —21.6 —84.3 -49.8 
(+149.6)* (—95.5)* 
CH; CH; 
i bat, bat, 
+25.8 +7.8 +17.4 
C.H; 
“6.5 
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acids. It may be seen from Table III that the 3-ethyl-1-bromo- 
butane has a higher rotation than 2-ethyl-1-bromopropane. | 

In the case of the aliphatic series, high precision dispersion 
measurements extending far into the ultra-violet region have j 
been made. These permitted the determination of the direction q 
of the rotations furnished by the functional group, on the one hand, 


ionally Related Compounds in Homogeneous State. 

CH; CH, CH; CH, 

bun, bun, but, 

-56.9 —54.8 —157.7 0 —36.6 a 

C.Hs C.Hs C:H; C.H; q 

H | H :CH,OH H—G_CH,CH,Br H H 

cH, batt, but, 

3 -49.8 —24 —165.0 +36.6 iq 

| CH, CH, CH, CH, 

1 1 C.Hu eH: 
8 +17.4 +25.2 +91.2 0 +9.0 4 

C:Hs C:Hs C:Hs 

H 2COOC;H; H—C_CH,CH,OH H—G_CH,CH,Br 

5 -6.5 +14.4 +24.3 —9.0 0 a 

15). 

and by the sum of the other contributions, on the other. A short i 

note on the results was published recently,’ and the details will be q 
published very soon. An explanation for the increase in the rota- a 

tion of the higher member was found in the circumstance that in . 
2-ethyl-1-bromopropane the directions of the rotations of the 

halogen and of the rest of the molecule were in opposite senses, a 


2 Levene, P. A., and Rothen, A., J. Am. Chem. Soc., 65, 429 (1933). 
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whereas in the 3-ethyl-1-bromobutane the two contributions were 
of the same sign, the halogen contribution having changed its sign 
with increase in the distance from the asymmetric carbon atom. 
As yet the dispersion measurements on the phenyl derivatives 
have not been completed but it seems possible that there too the 
increase in rotation will be caused by a similar circumstance. 

It may be stated at this place that the future efforts of this 
laboratory will be centered on an exhaustive study of the influence 
of the distance between the two groups furnishing the principal 
contributions on the direction of rotation of their contributions. 
Such knowledge may furnish a rational basis for correlating the 
configurations of secondary carbinols and of secondary halides 
with those of the group of substances given in Tables II and III. 
The information would be of fundamental importance for the 
study of the phenomenon of the Walden inversion. 

The data accumulated thus far in this laboratory seem to indi- 
cate that the sign of rotation of a functional group attached 
directly to the asymmetric carbon atom is the opposite of that of 
the same group attached to the neighboring carbon atom. The 
rotations of the following substances may serve to illustrate this 
phenomenon.‘ 


CH; CH; CH; CH; 


vo Levo Levo Levo dn, 
Levo 

| | 
CH; CH; CH; COOH CH, 


Hs bu, 1 


Dextro Dextro Dextro Dextro Hs 
Dextro 


‘ These configurations are arbitrary; they are intended to show the iden- 
tity of the configurations of the pairs of substances connected by an arrow. 


H H—C—Cl 


o 
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Furthermore, from Table I of Levene and Marker‘ the impres- 
sion may be gained that in the case of carboxylic acids, those 
members following the first in each row change alternately in 
their rotational value. A similar phenomenon may be found in 
the halides. Thus 


CH; 


has a rotation of —7.5° (the contribution of the bromine being 
positive), 
CH; 
H—_CH,CH.Br 


has a rotation of —38.8° (the contribution of the bromine being 
negative), and 


CH; 


has a rotation of only —22.7° (the contribution of the bromine 
being negative). If the alternating changes in the values of the 
rotatory contributions with distance should be found to constitute 
a general property of every functional group, then the question of 
the correlation of secondary halides and secondary carbinols to the 
series of substances given in Tables II and III will find an easy 
solution. 


EXPERIMENTAL 


Levo-Methylphenylacetic Acid—The inactive acid was prepared 
through the malonic ester synthesis. 

250 gm. of the inactive acid were dissolved in 3 liters of boiling 
acetone. The equivalent weight of quinine was added and the 
solution was cooled until crystallization commenced. After ten 


recrystallizations the rotation of the free acid did not change - 


5 Levene, P. A., and Marker, R. E., J. Biol. Chem., 96, 153 (1932). 
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further. The acid was isolated and converted into its cinchoni- 
dine salt in acetone from which it was crystallized three times 
without a change in rotation. B.p. 135° at 3 mm. 


—81.2° 
[aly = 1 X 1.096 = —74.1 (homogeneous) 


(MJ> = —111.2° (homogeneous) 


—11.50° X 100 
1 X 20 X 0.757 


(MJ, = —114.0° (benzene) 


lal, = = —76.0° (benzene) 


4.550 mg. substance: 12.086 mg. CO, and 2.730 mg. H,O 
CsHy»O.. Calculated, C 72.0, H 6.7; found, C 72.5, H 6.7 


Dextro-Ethylphenylacetic Acid—The inactive acid was prepared 
through the malonic ester synthesis. 

500 gm. of inactive acid were dissolved in boiling acetone and an 
equivalent weight of cinchonidine added. The hot solution was 
filtered and allowed to crystallize in a refrigerator. The crystals 
were then recrystallized eight times from 75 per cent alcohol and 
finally extracted four times with boiling acetone. The acid was 
isolated and converted into the quinine salt but on recrystalliza- 
tion the value of the rotation did not change. B.p. 155° at 3 mm. 


+90.25° 


i x 1.069 = +84.4° (homogeneous) 


= 


= +138.5° (homogeneous) 


16.70° X 1 
lal” +16.70° X 100 


x00 +91.2° (benzene) 


= +149.6° (benzene) 


4.602 mg. substance: 12.318 mg. CO, and 3.075 mg. H,O 
CyoH20.. Calculated, C 73.1, H 7.4; found, C 73.0, H 7.5 


Levo-Methylphenylpropionic Acid—The inactive acid was pre- 
pared from the corresponding methylphenylacetic acid by reduc- 
tion to the carbinol, thence to the bromide, and finally by means 
of the Grignard reagent and carbon dioxide to the corresponding 
propionic acid. 
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300 gm. of the inactive acid were dissolved in acetone and an 
equivalent weight of cinchonidine added. After twelve recrystal- 
lizations the rotation of the acid reached a constant value. By 
converting to the quinine salt and crystallizing, this value could 
not be increased. B.p. 134° at 4mm. 


—52.8° 
= 1086 ~49-5° (homogeneous) 


[MJ = —81.3° (homogeneous) 


—4.42° X 100 
1 X 9.45 


(MJ, = —76.8° (benzene) 


[a], = = —46.8° (benzene) 


3.830 mg. substance: 10.374 mg. CO, and 2.570 mg. H:O 
CywH:0:. Calculated, C 73.1, H 7.4; found, C 73.9, H 7.5 


Dextro-Ethylphenylpropionic Acid—The inactive acid was pre- 
pared from the corresponding ethylphenylacetic acid. This ester 
was reduced to the carbinol and the halide of this converted to the 
ethylphenylpropionic acid by means of the Grignard reagent and 
carbon dioxide. 

500 gm. of inactive acid were dissolved in 6 liters of acetone and 
an equivalent weight of cinchonidine was added. The hot liquid 
was filtered and allowed to crystallize in a refrigerator. After 
eight recrystallizations the rotation reached a constant value. 
The salt was decomposed and converted to the quinine salt. 
After crystallizing this three times from acetone, it showed no 
change in rotation from the original. B.p. 135° at 1 mm. 


= +47.3° (homogeneous) 


(MJ; = +84.3° (homogeneous) 


16.2° X 100 


+54.2° (benzene) 
(MJ; = +95.9° (benzene) 


3.550 mg. substance: 9.590 mg. CO, and 2.680 mg. H,O 
CyHyO2. Calculated, C 74.1, H 7.9; found, C 73.7, H 8.3 


tn = 
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4+48.75° 
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COPPER-IODOMETRIC REAGENTS FOR SUGAR 
DETERMINATION 


By PHILIP A. SHAFFER anp MICHAEL SOMOGYI 


(From the Laboratory of Biological Chemistry, Washington University School 
of Medicine, and the Laboratory of the Jewish Hospital, St. Louis) 


(Received for publication, August 8, 1932) 


For the determination of reducing sugars in pure solution or in 
biological fluids (after suitable pretreatment to remove interfering 
substances and supplemented where needed by the use of washed 
yeast), one of the most accurate and convenient methods is the 
use of copper reagents of the type utilizing iodometric titration of 
cuprous oxide (Shaffer and Hartmann (1), Somogyi (2)). The 
delicacy and accuracy attainable in the iodometric titration are 
such that the error of analysis depends chiefly upon the composi- 
tion of the copper reagent and the conditions which affect its 
sensitiveness and reproducibility during the sugar oxidation. 
With the object of better defining the optimum composition of 
reagents, the influence of various factors has been studied on the 
rate of copper reduction and on the maximum reduction equivalent 
per unit of sugar. 

For determination of other sugars than glucose or of mixtures of 
sugars, especially if quite dilute solutions are to be analyzed with 
maximum accuracy, reagents and directions designed for glucose 
are usually not suitable, because of wide differences in the rates of 
copper reduction by different sugars. Instances might be cited 
in the literature in which neglect of these considerations—the use 
of reagents and conditions designed for glucose, with other sugars 
and mixtures—has led to error and confusion. The information 
here reported, although fragmentary, should permit. more intelli- 
gent choice of composition of reagents suited for particular 
purposes. 

The conditions adopted with the Shaffer-Hartmann micro- 
reagent for blood sugar estimation, namely 5 cc. of reagent and 
5 ec. of sugar solution in 25 K 200 mm. Pyrex test-tubes, covered 
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by glass bulbs and heated by immersion in a rapidly boiling water 
bath, have been found convenient and satisfactory for nearly all 
purposes, and have been adhered to in the experiments here 
reported. Other conditions and volumes may of course be used 
if standardized for the sugar to be analyzed. 

Effect of Alkalinity of Copper Reagent—The greater sensitiveness 
of copper carbonate solutions, compared with the alkalinity of 
alkali hydroxide, first noted by Soldiani in 1876 and by Ost in 

TABLE I 
Variation of Rate of Copper Reduction and of Total Reduction Equivalence of 
Glucose with Carbonate Ratio and Content of Reagents 

Composition (per liter): Rochelle salt, 25 gm.; CuSO,-5H,0, 7.5 gm.; 

Na,CO;, NaHCO, as stated; KIOs, 0.023 n. 


Total Molar | Maximum | Per cent of maximum reduction in heating periods 
nate ratio, 
NaxCOs + | NasCOs: | Der me. 
NaHCO; | NaHCO: | @us0® | §min. | 10min. | 15min. | 20min. | 25 min. 
ce. 
0.1(Na-| Nocar- 5.4 96 98 99+ 
OH)| bonate 
0.47 1 9.2 83 95 98 
0.6 10 7.4 97 98 99+ 
5 7.8 88 98 99+ 
2 8.8 85 97 98 
1 9.5 73 92 97 99 
0.5 10.1 46 80 92 96 98 
0.3 10.5 68 80 90 94 
Nocar-|} 11+ 18 46 58 
bonate 
0.7 0.7 10.0 65 80 95 98 99 
1.0 3 9.0 87 97 98 99+ 
1.0 10.0 59 89 95 98 99 
0.4 10.7 35 66 83 92 96 


1890 (3), has led to the adoption of alkali carbonates in most of 
the sugar reagents designed since that time. The effect of varying 
the concentration and ratio of the carbonates on the rate and 
maximum reduction by glucose has been studied with copper 
solutions by Somogyi (2) and with ferricyanide solutions by Van 
Slyke and Hawkins (4). To extend this information the following 
experiments were performed. 

A series of copper tartrate sodium carbonate-bicarbonate solu- 
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tions was prepared, of the compositions shown in Table I, differing 
only in the total carbonate concentration and in the ratio of 
carbonate to bicarbonate (with exceptions noted). For reasons 
stated later iodide and oxalate, components of the Shaffer-Hart- 
mann reagents and necessary for the cuprous iodometric titration, 
were omitted from the solutions and added after the heating period. 
With these reagents the amounts of copper reduced by known 
amounts (usually 1 or 2 mg.) of Bureau of Standards dextrose in 


2 


2i- 


T T T T 
s 20 2s 30 35 a 


HEATING TINE IY 

Fia. 1. Rate of copper reduction by glucose as influenced by carbonate to 

bicarbonate ratio. Reagents contained 0.6 m total carbonate. R repre- 
sents molar ratio, Na;CO;: NaHCOs. 


different periods of heating, under the standard conditions, were 
determined by iodometric titration of the cuprous oxide. The 
salient results with a few of the solutions used are shown in Table I. 

The characteristic feature is that the lower the alkalinity, or 
the ratio Nas,CO;: NaHCOs,, the slower is the sugar oxidation, but 
the higher is the final amount of copper reduced. On plotting the 
time of heating against the amount of copper reduced there is 
obtained for any one series of reagents of constant total carbonate 
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content a family of curves which cross in the manner illustrated 
in Fig. 1. The curves show that the reducing equivalent with 
any one reagent depends upon the time of heating selected. If 
short periods of heating are chosen high alkalinity appears to give 
higher reduction; while if the maximum reduction of each solution 
is compared, the reverse relation is seen to exist. The maximum 
reduction per mg. of glucose in carbonate-bicarbonate solutions is 
40 to 100 per cent greater than in 0.1 n NaOH, and is increased 
about one-half within the range of alkalinity covered by changing 
the ratio of NagCO;: NaHCO; from 10 to 0.3. 


8 10 


Fia. 2. Relation of carbonate ratio to maximum reduction equivalence of 
glucose. 


The influence of changing the carbonate to bicarbonate ratio 
upon the rate of oxidation and upon the maximum reduction 
equivalent is presumably a function of hydroxyl ion activity. 
It is not feasible to determine the pH of the solutions at the tem- 
perature of the water bath, but it may be assumed that the pH 
varies as the log of the carbonate to bicarbonate ratio. When 
the maximum reduction per unit of glucose is plotted (as in Fig. 2) 
against the logs of these ratios (as added), the points for solutions 


1 The actual ratios of Na,CO;: NaHCO; in the reagents differ from that 
of the added salts because of the reaction, CuSO, + 2Na,CO; + 2H,0 — 
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of the same total carbonate content fall about a straight line, which 
indicates that the maximum reduction varies inversely with the 
logarithm of the carbonate ratio. Increasing the total carbonate 
content gives a rise in the maximum reduction, and is thus equiva- 
lent to a decrease of the carbonate ratio. 

The rate of copper reduction conforms roughly with the first 
order equation and may be treated as a pseudomonomolecular 
reaction. Time curves were plotted for each reagent and from 
these the time was read at which the reduction was 80 per cent of 
the maximum, this being in the region of least error. On plotting 
the values of 1/t,; against the logs of (NazCO;)/(NaHCO;) for 


+ TOTAL CARBONATE 
© Q6M TOTAL CARBONATE 
= Q47/7 TOTRL CARBOIATE 


LOG 
Fig. 3. Relation of carbonate ratio to rate of copper reduction by glucose 


each reagent, the points fall about straight lines as shown in Fig. 
3. Since 1/t varies as k when a/(a — z) is fixed in the first order 
equation, this relation indicates that the velocity of copper reduc- 
tion (and of sugar oxidation) is likewise a linear function of the log 
of the carbonate ratio, and presumably of pH. The linear relation 
holds only with constant total carbonate content; as indicated 
in Fig. 3, an increase of total carbonate slows the rate of reduction, 


Cu(OH): + Na,SO, + 2NaHCO;. The extent to which this takes place is 
uncertain, and has been neglected. Using the ratios of the salts as added 
obviously limits the values in the relations described to the particular 
concentrations of copper and tartrate as well as of total carbonate used, and 
to the particular conditions during the heating period. 
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and is thus equivalent to a decrease of the carbonate ratio. The 
addition of sodium sulfate similarly slows the rate of oxidation 
and increases the maximum reduction. The same relations hold 
also with solutions containing ferricyanide instead of copper as 
the oxidizing agent. 

From these facts it is evident that for maximum sensitiveness 
toward very low sugar concentrations a low ratio and high total 
carbonate content would be desirable; but this combination gives 
a slow reagent which requires correspondingly long periods of 
heating. When the heating period adopted is shorter than re- 
quired for nearly maximum reduction, the results are poorly 
reproducible, and the proportionality between sugar oxidized and 
copper reduced is less constant, probably because minor variations 
in the rates of temperature rise on placing tubes in the water bath 
and consequent differences in the effective duration of the heating 
period lead to variations in the completeness of sugar oxidation. 
These errors are avoided when the heating period is long enough 
to reach a point beyond the steep portion of the time curve (Fig. 1) 
of the reagent for the sugar or mixture analyzed. Heating much 
longer than necessary to reach nearly complete oxidation is un- 
desirable because of slow reoxidation of cuprous oxide and of 
continued reduction by other substances which may be present. 

The right-hand ordinate of Fig. 3 indicates the heating periods 
required to reach 98 per cent of maximum reduction with glucose 
for reagents of different carbonate ratios and different total car- 
bonate concentrations. For example, 15 minutes is a suitable 
heating period with a reagent containing 0.6 m total carbonate, 
with a carbonate to bicarbonate ratio of 1. A 15 minute period is 
too short for accurate results with lower ratios, or higher total 
carbonate concentration than 1 m. When less fotal carbonate is 
used, the velocity for any given ratio is greater and the heating 
period may be shorter. It must be emphasized that the particular 
values of the relations shown are applicable only with glucose, 
with reagents of the composition stated, and with the particular 
conditions during the heating period; but the principle is perhaps 
generally applicable. 

The Folin reagent (1926, 1929) (5), the carbonate ratio of which 
is only about 0.28, with 0.33 m total carbonate (1929 reagent 
0.17 m), when used under the same conditions with glucose, re- 
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quires about 25 minutes heating to attain 98 per cent of maximum 
reduction. The heating period advised by Folin, 10 to 15 minutes 
(2 ce. of reagent + 2 cc. of solution), attains only 75 to 90 per cent 
completion. For more slowly reacting sugars than glucose the 
Folin reagent should be modified by increasing its alkalinity or 
should be heated for longer periods. The reagent recently de- 
scribed by Harding and coworkers (6) is also less alkaline than 
optimum, under the prescribed conditions, for the slowly reacting 
sugars for which it was designed. 


PERCENT OF MAXIMUM REDUCTION 


5 10 go 25 3: 
dentine Tine Min. 
Fia. 4. Rate of reduction by different sugars with Reagent 50, with 5 gm. 


of KI. Curve I, fructose; Curve II, glucose; Curve III, galactose, maltose, 
and arabinose; Curve IV, lactose; Curve V, mannose. 


The relative rate of reduction by various sugars with a single 
copper reagent (Reagent 50 with 5 gm. of KI) is shown in Fig. 4. 
With this reagent a heating period of 15 minutes is satisfactory 
for fructose or glucose, but is not optimum for other sugars, which 
require either a more alkaline reagent or a longer heating period.* 


? The rate of reduction by different sugars is (in pure solution) quite char- 
acteristic and is sometimes a useful supplementary means of identification. 
For this purpose a reagent of low alkalinity is desirable, since the differences 
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Table II gives optimum heating periods and the reduction with 
various sugars and several different copper reagents. 

Copper—The copper content of the reagent obviously limits its 
oxidizing capacity, but so long as a considerable excess is present 
copper concentration has relatively slight effect on the rate of 
oxidation or upon the reduction equivalent. In the solutions 
here described the copper content, 7.5 gm. per liter (0.03 m), 
provides for the oxidation of amounts up to 2.5 mg. of glucose 
by 5 cc. of reagent. With equal volumes of reagent and sugar 
solution, this limits the maximum sugar concentration to 0.05 per 
cent (of glucose or equivalent reducing capacity) in the solution 
analyzed (corresponding to blood sugar values of 500 mg. per cent 
when 1:10 blood filtrates are used). Reagents of higher capacity 
(greater copper content) may be prepared for stronger sugar 
solutions, but we usually find it more convenient to dilute the 
sugar solutions to within the range of the microreagents. Within 
the range of 1.0 to 2.5 mg. of glucose in 5 cc. (0.02 to 0.05 per 
cent) the error should not exceed about 1 per cent. 

Todate—Iodate is used only to provide a known amount of 
iodine (liberated when the solution is acidified) to reoxidize the 
cuprous ion; it does not react in alkaline solution and has no réle 
in the sugar oxidation. The amount of iodate added in preparing 
the reagent may be varied, depending upon the range of sugar 
concentration over which it is to be used. An excess of iodine 
over the amount required to oxidize the cuprous oxide is necessary, 
and the amount of iodate (and iodide) therefore limits the capac- 
ity of the reagent. The amount of the excess is immaterial ex- 
cept as regards convenience of titration; time is saved if large 
excess be avoided. For the upper range of reagents containing 
7.5 gm. of copper sulfate, 0.025 n KIO; is a suitable concentration 


in rates are thereby magnified. Failure to realize the slow rate of reduction 
by mannose and the necessity of prolonging the heating period to approach 
completion if reproducible results are to be obtained, explains the failure 
of the Shaffer-Hartmann reagent with mannose in the hands of Moore, 
Lloyd, and Burget (7). With the first Shaffer-Hartmann microreagent 
and a heating period of 25 minutes, mannose determination in proper solu- 
tions presents no difficulties, as shown by experiments carried out for us 
by Mr. Ray D. Williams. But even with a suitable copper reagent and 
heating time, dependable results could not be expected with untreated 
intestinal contents as used by these authors. 
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(0.893 gm. of KIO; per liter). This permits analysis of solutions 
up to 0.05 per cent glucose, or 1:10 blood filtrates of hyperglycemic 
bloods up to 500 mg. per cent of blood sugar. For normal and 
hypoglycemic bloods, and for blood filtrates of 1:20 or higher 
dilution, it is rather more convenient to use reagents with less 
iodate (0.01 or 0.015 Nn), merely to reduce the time required in 
titration. 

Rochelle Salt—The amount of Rochelle salt must be sufficient to 
keep the copper in solution; about 3 times the weight used of 
copper sulfate appears to be optimum. (The amount prescribed 
in the first Somogyi modification (2) proved too small in that it 
permits the separation of some copper carbonate.) A large excess 
of tartrate, as noted by Folin (1929), somewhat decreases the 
rate of copper reduction. 

The effect of substituting citrate for tartrate was studied. 
Citrate considerably decreases the amount of copper reduced, 
and decreases greatly the sensitiveness of reagents for high dilu- 
tions of glucose, as found by Folin (5). In comparison with 
tartrate, citrate does not, according to our experiments, render 
copper reagents selective in the sense of depressing the relative 
reducing power of non-fermentable substances in either urine or 
blood filtrates. 

Potassium Oxalate—This constituent is best omitted from the 
reagents and added before titration, as described in a later section. 
Its presence during the heating period, as noted by DeLong (8), 
decreases the reduction. 

Potassium Iodide—In the Shaffer-Hartmann reagent KI was 
incorporated for convenience and was assumed to be inert up to 
the time of acidification before the iodometric titration. It has 
been found, however, that the iodide fills two distinct réles which 
require explanation. 

If the amounts of copper reduced (cc. of thiosulfate titration 
difference) by known amounts of glucose, with either the Shaffer- 
Hartmann reagent or the Somogyi modification, be plotted on co- 
ordinates, the points above about 0.2 mg. of glucose in 5 cc. of 
solution lie on a line (different for each reagent) which is almost 
straight, extension of which to zero reduction bisects the base not 
at the point of origin (zero sugar) but at a distance removed. The 
curve corresponds not to simple proportionality, but to y = az — 
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b, in which y is the copper reduced or titration difference, x the 
sugar present, a the proportionality constant, and b another 
constant representing an amount of sugar which is apparently lost. 
It is the loss of this quantity which is responsible for the lack of 
sensitiveness of the Shaffer-Hartmann reagent toward very dilute 
solutions (less than 0.003 per cent glucose) noted by Hiller and 
coworkers (9). When the total reduction approaches the amount 
“Jost’”’ the results are variable and unreliable? When hypogly- 
cemic bloods came to be analyzed repeated attempts were made to 
correct this defect and to obtain a simple proportionality, but 
without much success until DeLong (8) noted that the amount of 
copper reduced is increased on merely omitting the iodide. In 
view of the fact that with Bang’s microsugar reagent which con- 
tained much KCl, no cuprous oxide precipitates, and heating in an 
atmosphere of inert gas is necessary to avoid oxidation of cuprous 
salt, the effect of iodide should have been recognized earlier. 
Iodide, much more effectively than chloride, holds cuprous oxide 
in solution readily accessible to reoxidation, and the greater the 
amount of iodide present, the greater the loss of cuprous oxide 
proves to be. 

By omitting the iodide, reoxidation is greatly reduced and (in 
covered tubes) a nearly constant proportionality between copper 
reduced and sugar oxidized holds throughout the range covered 
by the reagent. The experimental points fall on a line which is 
curved only slightly upward and which almost exactly bisects 
the origin. Iodide-free reagents are very serviceable where the 
utmost sensitiveness is desired, and in private correspondence we 
have recommended such solutions to several workers. The iodide 
(and oxalate) are added after heating and cooling, just before 
acidifying for the titration. 

The omission of the iodide, however, brought out a second un- 
suspected réle it has when present in the reagents; namely, its 
stabilizing effect. Reagents containing 5 to 10 gm. of KI (and 
25 gm. of Rochelle salt) per liter do not show any autoreduction 
either at room temperature or upon heating, the titration of 
heated and cold blanks being identical and unchanged for long 


* The values in the tables (pp. 380, 381) of the paper by Shaffer and 
Hartmann (1) for amounts of glucose less than 0.5 mg. of glucose in 5 ce. 
are erroneous. 
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periods. Reagents without iodide on the other hand separate 
small amounts of cuprous oxide at room temperature and show 
additional autoreduction upon heating, which increases with age 
of the solution. The separation of cuprous oxide at room tem- 
perature appears to cease after a week or two since if the solution 
is decanted no more is deposited if stored in Pyrex glassware. 
(Some continues to deposit if stored in ordinary glass bottles.) 

Another objection to reagents without iodide is their greater 
sensitiveness to non-sugar reducing substances. With tungstic 
acid blood filtrates the results are 5 to 10 mg. per cent higher than 
by reagents containing iodide. Even with zinc or iron filtrates 
which contain none or barely detectable amounts of non-ferment- 
able reducing substances, the iodide-free reagents give results 
which are often a few mg. per cent too high. Fortunately these 
objections are removed by the use of a small amount of iodide. 

With 1 gm. of iodide per liter, the autoreduction of the reagents 
at room temperature is prevented (no cuprous oxide separates), 
while the sensitivity to low sugar concentration is almost as great 
as without iodide. The sensitiveness to non-sugars in blood 
filtrates is also less, in zinc or iron filtrates being negligible. Con- 
sequently, we prefer to add this small amount of iodide for its 
stabilizing effect, and have largely discarded reagents without 
iodide. 1 gm. of iodide is not, however, enough to produce 
maximum stability. The autoreduction of heated water blanks 
increases very slowly with the age of the solution, making it 
necessary that such blanks be determined regularly or at intervals. 

With 5 gm. of KI per liter the reagents are quite stable and for 
some purposes are to be preferred. We, therefore, describe both 
reagents containing 1 gm. of KI and those containing 5 gm. of 
KI. Except as noted below either is equally applicable to solu- 
tions containing more than 2 mg. per cent of glucose or the equiva- 
lent. 

For solutions less than about 2 mg. per cent (0.1 mg. in 5 cc.) 
the reagent containing 1 gm. of KI should be used because with 
more iodide the amount of cuprous oxide formed may not be 
sufficient to give dependable titrations. This point is important 
in work involving determinations in fermented blood filtrates in 
which the presence of reducing substances may escape detection 
by less sensitive reagents. 
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When used with blood filtrates, the method of precipitation and 
the dilution of the filtrate as well as the range of blood sugar con- 
centration will determine which of the two reagents may be used. 
With 1:10 tungstic acid filtrates of laked blood the reagent con- 
taining 5 gm. of KI is applicable and somewhat preferable be- 
cause it is less sensitive to the non-sugars present. But with both 
reagents the results are too high by 17 to 25 mg. per cent. Al- 
though approximate results are obtained by subtracting 20 mg. per 
cent from the determined value on tungstic acid filtrates (of laked 
blood), it is preferable to use either zinc (10) or iron-barium carbo- 
nate (11) filtrates with the iodometric copper reagents. In most 
instances these filtrates contain no detectable non-fermentable 
reducing substance according to results with the iodide-free re- 
agent or the reagent containing 1 gm. of KI and according to the 
Folin (1929) colorimetric method. With the reagent containing 
1 gm. of KI and 1:10 filtrates the reduction corresponding to 5 
mg. per cent of sugar in the blood (0.025 mg. of glucose in 5 cc.) 
gives a titration difference of 0.2 cc. of 0.005 Nn thiosulfate. After 
fermentation with washed yeast, zinc or iron filtrates usually show 
the same titration as the heated blanks, sometimes from 0.1 cc. 
less to 0.1 cc. more, and only occasionally as much as 0.2 cc. more. 
Glucose corresponding to 5 to 10 mg. per cent of blood sugar added 
to fermented filtrates is determinable by the iodometric reagents 
within 2 mg. per cent or better. We believe that the results 
obtained in zinc or iron filtrates with these reagents are as accurate 
as at present attainable for blood glucose, and that no correction 
for non-sugars is necessary.‘ 

In the range of extreme hypoglycemia with 1:10 filtrates (below 
20 mg. per cent), and with filtrates of 1:20 or higher dilution, as 
when cutaneous blood is used, the reagent containing 1 gm. of KI 
is preferable because of its greater sensitiveness at low sugar con- 
centrations. With 1:40 filtrates values of 80 mg. per cent and 
above are satisfactorily determinable with the solution contain- 
ing 5 gm. of KI; it is only with hypoglycemic bloods or with 
fermented filtrates that the distinction needs to be made. 


‘ Benedict (12) finds in fermented zinc filtrates reduction corresponding 
to 4 to 7 mg. per cent of blood sugar, while MacKay (13) states that his zinc 
hydroxide filtrates were entirely free from non-fermentable reducing sub- 
stances toward the iodometric copper reagent used by him. 
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With filtrates prepared by mercury precipitation, if zinc dust be 
used to remove the excess Hg, traces of H,O,. are formed. This 
introduces error with the reagent containing 1 gm. of KI, but not 
with that containing 5 gm. of KI. If it is desired to take ad- 
vantage of the more sensitive reagents with 1 gm. or no iodide (to 
measure rest reduction in mercury filtrates), the excess Hg must be 
removed by H,S, followed by aeration. 


Reagents 


The solutions described below have been used for some years for 
glucose in blood and other biological material. Many other 
equally good or perhaps better combinations might be selected, by 
consideration of the factors already discussed. The solutions 
contain approximately 0.5 m total carbonate, with a ratio of 
carbonate to bicarbonate of 1, which is about optimum for glucose, 
with a heating period of 15 minutes. For most sugars other than 
glucose either longer heating periods or reagents with higher 
alkalinity are necessary. 


Composition of Copper-Iodometric Reagent 50* 


gm. per l. 


* The reagent containing 5 gm. of KI is made by adding to the prepara- 
tion 5 gm. of KI per liter; that containing 1 gm. of KI by adding 1 gm. of 
KI per liter. 


Reagent 60 for Slowly Reacting Sugars—This has the same com- 
position as Reagent 50 except that 40 gm. of Na2CO; per liter are 
used and bicarbonate omitted. For greater stability at the 
higher alkalinity it may be preferable to use 5 gm. of KI with this 
solution. If that be done the reducing values given in Table II 
for mannose will not hold; the values stated are for the reagent 
with 1 gm. of KI. 

Preparation—In order to retain all CO,, the solutions should 
be made up as follows: The NazCO; and Rochelle salt are dis- 
solved in about 500 cc. of distilled water. The CuSO, solution 
(75 ec., 10 per cent) is then added by pipette or funnel extending 
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well below the surface of the liquid, the solution being stirred. 
The dry NaHCO; is next added and dissolved by stirring, followed 
by the KI. The solution is rinsed into a liter volumetric flask, 
the desired quantity of 0.1 N iodate is added, and the whole diluted 
to the mark and mixed. Filter through washed (and dried) paper. 
If kept in a stoppered Pyrex flask or Pyrex bottle protected from 
strong light, the solutions remain unchanged for a year or two. 

Standard Iodate Solutions. Solution A—3.567 gm. of pure KIO; 
in 1 liter. When treated with an excess of KI and H,SO,, this 
solution liberates iodine equivalent to its volume of 0.1 n. The 
solution is used to standardize the 0.1 N thiosulfate, and may be 
used also as a constituent in preparing the copper reagents. 
(3.250 gm. of KH(IO;)2 dissolved in water, neutralized by 83.3 cc. 
of 0.1 n NaOH, and diluted to 1 liter may be used instead.) 

Solution B—An iodate solution equivalent to 0.01 N I, is pre- 
pared at intervals by accurate dilution of Solution A. The 0.01 
N solution is used for standardization of the dilute thiosulfate. 

Thiosulfate—An approximately 0.1 Nn stock solution is used. 
The addition of about 10 ec. of 0.1 N NaOH per liter greatly 
increases its stability. (When alkali is added it is essential that 
all solutions to be titrated with the slightly alkaline thiosulfate be 
previously acidified.) The thiosulfate is standardized by titration 
of the standard KIO; solution (to 25 ec. of KIO; add about 50 ce. 
of water, 1 gm. of KI (iodate-free), and 5 ec. of n H,SO,). To 
prepare 0.005 n thiosulfate, calculate from the normality factor 
of the 0.1 N solution the amount required to give 500 cc. or a liter 
of exactly 0.005 n solution. If about 10 ec. of 0.1 N NaOH are 
added (before dilution) the solution retains its titer for some days; 
if not alkaline, it must be prepared fresh each day. 10 cc. of the 
0.01 n KIO; solution (with 1 cc. of n H,SO, and 2 ce. of 2.5 per 
cent KI) should titrate exactly 20 cc. of the 0.005 n thiosulfate; 
5 ec. of the copper reagent should titrate the same as the volume 
of normal iodate added per liter (20 cc. for 0.020 N iodate). 


Details of Technique 
Since the ratio of copper reduced to sugar oxidized depends not 
only upon the composition of the reagent but upon all conditions 
during the heating period, it is necessary to standardize these con- 
ditions and to calibrate the reagent with known amounts of the 
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sugar under the exact conditions used in analysis. If changes are 
introduced, the reagents must be calibrated under the new con- 
ditions. The procedure used in our laboratories is the following. 

With an accurate pipette measure 5 cc. of the sugar solution 
into a Pyrex test-tube (25 X 200 mm.), followed by 5 cc. of the 
copper reagent added in a manner to rinse the sugar solution from 
the walls of the test-tube. Both require careful measurement. 
Daily, for highest accuracy, or at longer intervals, measure also 
one or two 5 cc. portions of reagent for blanks, adding water 
instead of sugar solution. The solutions are mixed by gentle 
shaking and the tubes are covered by sealed glass bulbs (blown 
from heavy walled glass tubing and of such size as to be supported 
on the rim of the test-tube). Covering the tubes is essential to 
avoid convection currents and oxidation by air during heating and 
cooling. The tubes are placed in metal racks holding snugly (to 
avoid agitation during boiling) eight to twelve tubes, and placed 
in a vigorously boiling water bath® for 15 minutes (or other period) 
an interval timer being used. At the end of this period the rack 
and tubes are removed to a pail or pan of cold water. 

When cooled (preferably only to about 30°), the following is 
added to each tube, depending upon the reagent used and its 
iodate content. With the reagent containing 5 gm. of KI, the 
iodate equivalent to 0.015 N I, or less (giving a blank titration of 
15 cc. or less), merely acidify with 5 ec. of N H,SQ,; no additional 
KI and no oxalate are necessary. When the reagent containing 5 
gm. of KI contains above 0.015 n iodate (blank titration more than 
15 cc.) and with any reagent containing 1 gm. of KI, add first to 
each of the tubes 2 cc. of a solution containing 2.5 per cent each of 
KI and potassium oxalate. (This keeps for a week in a dark glass 
bottle.) Next add 5 ce. of n H,SO,.6 Replace bulbs and mix well 


5 Our water baths are heavy walled copper pails, 17.5 cm. in diameter and 
20 cm. high, supplied with a constant level overflow and connected by pet- 
cock with a constant slow water supply. The water level is 10 cm. from the 
bottom and stands 9 cm. from the bottom of the glass tubes when the rack 
is in place. The bath is supported on a tripod and heated by a large size 
Meker or Fischer burner so as to maintain vigorous boiling with slight 
interruption when the rack and tubes are put in place. These details are 
not unimportant because they influence the rate of rise of temperature, 
and the effective duration of the heating period. 

* When reagents with higher total carbonate are used, a corresponding 
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to dissolve completely the cuprous iodide which sometimes pre- 
cipitates, especially when the reduction is considerable or if the 
Cu,0 has settled from long standing before titration. After 
standing (covered) 5 to 10 minutes, with occasional agitation so 
long as undissolved cuprous oxide or iodide is visible (important), 
rinse the bulb and walls and titrate with 0.005 n thiosulfate, adding 
about 1 ec. of 1 per cent starch solution (Merck’s Lintner) toward 
the end. The end-point may be set with split drops. Jf the 
titration is less than 1 cc., the result is doubtful because of approach 
to the capacity of the reagent; the determination should be repeated 
with a greater dilution of the sugar solution. 

When oxalate is not used, the solutions become crystal-clear and 
remain so. When oxalate has been added a precipitate of copper 
oxalate often forms but does not affect the results. 

For stirring the solution during titration, a rod made of glass 
tubing, sealed and flared at the lower end to form a button-like 
foot, is convenient. We use high grade 25 cc. burettes with glass 
stop-cocks, graduated in 0.05 cc., and read to hundredths. The 
burettes are filled from a reservoir by suction or pressure. 

The titration value is subtracted from the heated blank titration 
and the titration difference corrected by factor if the thiosulfate is 
not exactly 0.005 n. With the reagent containing 1 gm. of KI 
the titration difference in cc. of 0.005 N multiplied by 0.113 gives 
(within about 3 to 5 per cent) mg. of glucose in 5 cc. of the solution 
analyzed; or with 1:10 blood filtrates multiplied by 22.6 gives 
(with the same error) mg. per cent of blood sugar. Calculation by 
factor is sufficiently accurate for many purposes. The propor- 
tionality is, however, not quite linear throughout, and for the 
maximum accuracy the result should be read from a large scale 
curve or table prepared from analyses of known pure glucose or 
other sugar solutions,-or from the data given in Table II. For 
reagents containing more than 1 gm. of KI, calculation by factor 
is not permissible, and a table or curve for that reagent and sugar 
must be used. 

Pretreatment of Sugar Solutions—The accuracy of results obtained 
with iodometric copper reagents will be influenced by the amount 


increase in the acid is necessary. With 1 m carbonate reagents use 3 cc. of 
5 w acid. 
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of other non-sugar reducing substances present in the solutions 
analyzed. The reagents are not selective in the sense of being 
insensitive to substances which may be oxidized either by copper in 
alkaline or by iodine in acid solution. It is not the purpose of 
this paper to consider methods of removing interfering sub- 
stances, but the following procedures have been found satisfactory 
in our laboratories preliminary to use of the iodometric copper 
reagents. Whole blood is precipitated by zinc (Somogyi (10)) 
or iron (Steiner, Urban, and West (11)) hydroxides, the filtrates 
of which appear to give “true” sugar values. For serum, iron 
precipitation is preferable. For urine and for hydrolyzed or 
unhydrolyzed tissue extracts precipitation by HgS0O,-BaCO, 
(West et al. (14)) is serviceable, but the filtrates contain other 
copper-reducing substances, and yeast must usually be resorted to 
for determination of fermentable sugar. With urine of low glucose 
content determination in the untreated diluted urine, before and 
after yeast fermentation, appears to give substantially the same 
results as by yeast in mercury filtrates; when protein is present iron 
(11) or mercury (14) precipitation, followed by yeast, should be 
used. For the most accurate results glycogen hydrolysates are 
determined before and after yeast fermentation with the more 
sensitive copper reagents containing 1 gm. of KI. By adequate 
dilution of the neutralized solutions errors due to salt concentra- 
tion become negligible. 
SUMMARY 


In order to learn the optimum composition of iodometric copper 
reagents for glucose and other reducing sugars the effect of the 
ratio of sodium carbonate to bicarbonate and of total carbonate 
concentration on the rate of copper reduction was studied. A 
comparison of the rates of reduction by different sugars was made. 
The influence of iodide and other constituents is considered. No 
one reagent is optimum for all sugars. Several reagents are 
described. 
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It has been recognized for a long time that the fatal conse- 
quences of parathyroidectomy in dogs may be averted by the oral 
administration of large doses of calcium salts as calcium gluconate, 
lactate, or the acetate. Dragstedt and Peacock (5), Greenwald (8), 
and others reported successful attempts to prevent the onset of 
tetany in parathyroidectomized dogs by adding comparatively 
large doses (50 to 125 gm.) of lactose to the diet daily. Luckhardt 
(12) reported the prevention of tetany in young, old, or pregnant 
dogs by the administration of large doses of calcium lactate. He 
also observed that tetany could be alleviated by intravenous 
injection of physiological saline. However, these treatments have 
only a temporary effect by raising the serum calcium. Whether 
an animal could complete a life cycle without the parathyroids by a 
continuation of this treatment is a matter of speculation because 
it has not been demonstrated that calcium supplied by this means 
could be utilized in the normal metabolic processes of this element. 

That vitamin D is essential in normal calcium and phosphorus 
metabolism is well demonstrated by the fact that animals will 
develop rickets on a vitamin D-deficient ration, and a normal 
serum calcium and phosphorus level cannot be maintained even 
though the parathyroid glands are present. The specific function 
of vitamin D is not clearly understood. It has been demonstrated 
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by many workers that vitamin D increases calcium and phosphorus 
absorption from the intestines. Harris and Innes (9) have 
observed that vitamin D given in moderate doses stimulates 
osteogenesis but when administered in large doses resorption is 
extensive. This dual function of vitamin D has also been ob- 
served by Brown and Shohl (3) who found that rats improved in 
weight and general well being with increased doses of irradiated 
ergosterol up to a maximum of 0.1 mg. per day. The bone ash 
became greater and calcium retention increased. Negative 
calcium and phosphorus balances were obtained when 2 mg. of 
irradiated ergosterol were fed daily. From these results they con- 
cluded that vitamin D controls calcification of the skeleton by dis- 
solution and deposition of the calcium salts and that the ash 
content of the bones is a resultant of these two activities. Hess, 
Weinstock, and Rivkin (10) found that they could produce hyper- 
calcemia in parathyroidectomized dogs and that the activated 
ergosterol withdrew calcium from the bones after the glands were 
excised. 

If we concede that a diminution in the serum calcium salts is the 
primary cause of tetany, and that vitamin D is essential for normal 
calcium metabolism, then medication with vitamin D should be the 
important factor in the prevention and treatment of this nervous 
symptom complex. If the parathyroids do not have a separate 
and distinct function in the deposition and dissolution of the 
calcium salts independent of vitamin D, it should be possible to 
complete a life cycle without the parathyroids provided vitamin 
D is administered in doses which will maintain a normal calcium 
concentration in the blood. 

Growth in Absence of Parathyroids—The experiments were 
planned to determine whether the parathyroids had a specific 
function in metabolism essential for life; that is, whether an animal 
can go through a complete reproductive cycle without these 
glands. In all the work reported on parathyreopriva mature 
animals were used. It has not been reported whether a growing 
animal would have normal bone development and whether excess 
calcium and phosphorus deposition in the soft tissues would occur 
in the absence of the parathyroid glands provided just a sufficient 
amount of vitamin D is supplied to maintain the normal calcium 
and inorganic phosphorus level in the blood. 
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Procedure 


Ration—The ration fed in this series of experiments (Ration 1) 
was yellow corn 58 per cent, wheat middlings 15 per cent, corn 
gluten 10 per cent, casein 7 per cent, dried skim milk 5 per cent, 
yeast 2 per cent, CaCO; 1 per cent, Ca;(PO,). 1 per cent, and 
NaCl 1 per cent. The ration contained 1.07 per cent calcium 
and 0.48 per cent phosphorus. Warm water was added to this 
mixture just before feeding to form a rather thick paste. The 
dogs were fed twice daily. 0.12 gm. of desiccated thyroid was fed 
daily to the thyroparathyroidectomized animals to supply the 
thyroxine. The vitamin D used was irradiated ergosterol dis- 
solved in corn oil adjusted to 1 D potency and fed with a 1 ce. 
pipette calibrated to deliver 1 gm. of the oil. 1 gm. of the oil 
contained 13.3 Steenbock rat units. The amount fed to normal 
and parathyroidectomized dogs was adjusted to maintain the 
serum calcium level between 10.5 and 12.5 mg. per 100 cc. of 
blood. 

Treatment of Animals—The puppies used for this phase of the 
work were purchased from farmers and had no particular breeding, 
but in two of the litters, Litters 1 and 2, collie breeding pre- 
dominated. Litter 3 had a predominance of beagle breeding. 
One puppy from each litter was killed immediately, two were 
thyroparathyroidectomized, and the fourth was kept as a control. 
On Litters 1 and 3, the thyroparathyroidectomies were performed 
when the puppies were 5 weeks old, and on Litter 2 when they 
were 8 weeks old. When performing the operation, care was taken 
to remove the connective tissue surrounding the glands which may 
contain some accessory parathyroid tissue. 

The dogs were bled at approximately weekly intervals from the 
femoral artery and serum calcium and inorganic phosphorus 
determinations made. “Clark and Collip’s modification of the 
Kramer and Tisdall method (4) was used for blood calcium, and 
the Fiske and Subbarrow method (7) for the serum inorganic 
phosphorus. Viosterol was withheld at varying intervals to 
determine whether any regeneration of the parathyroid tissue was 
occurring. The occurrence of tetany was used as a criterion for 
the absence of parathyroid tissue. 

After the dogs developed to a mature size they were sacrificed 
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and calcium and phosphorus determinations were made on the 
air-dried heart, lungs, trachea, muscle, kidney, brain, and liver. 
Ash determinations were made on the fat-extracted skull, left 
seventh and twelfth ribs, left femur and tibia. The tissue calcium 
was determined by the McCrudden method (13) and tissue phos- 
phorus was determined by the volumetric method of the Associa- 
tion of Official Agricultural Chemists (1). 
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Results—The puppies recovered from the operation quite 
readily and maintained a normal appetite throughout the experi- 
ment. They grew normally except when vitamin D was withheld 
for several days to determine whether any regeneration of the 
parathyroid tissue had occurred. This period was marked by a 
rapid decrease in serum calcium and inorganic phosphorus, loss of 
appetite, lassitude, and a consequent loss of weight. However, 
ultimately they attained the same weights as their normal litter 
mates. For the sake of brevity, only the growth curves for the 
dogs in Litter 1 are presented (see Fig. 1). 
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When vitamin D was withheld, the inorganic phosphorus de- 
creased at approximately the same rate as the serum calcium until 
tetany appeared, when the inorganic phosphorus rose quite 
rapidly. The serum calcium level at the first appearance of 
tetany ranged between 5.1 and 7.0 mg. per 100 cc. of blood. When 
vitamin D was again administered, the calcium rose to its normal 
level (11 to 12.5 mg. per 100 cc. of blood), while the inorganic phos- 
phorus returned to the normal level (4 to 6 mg. per 100cc. of blood). 
If the serum calcium remained low (8 to 10 mg.) for several days, 
the inorganic phosphorus tended to rise above the normal level 
(6 to 9 mg. per 100 cc. of blood). In Dog 2, Litter 1, which was 
fed 13,300 Steenbock rat units of vitamin D daily, the serum 
calcium ranged between 14 and 16 mg. per 100 cc. of blood, while 
the inorganic phosphorus was between 2 and 3 mg. 

Tetany always appeared first in the muscles of the jaw with a 
simultaneous development of hyperpnea. The hyperpnea then be- 
came more marked and the muscular contractions spread to the 
fore limbs, then to the hind limbs, and finally to the muscles of the 
neck and back. Tetany was usually relieved by the administra- 
tion of 4 gm. of 1000 D viosterol, equivalent to 53,200 rat units 
of vitamin D. All signs of tetany disappeared within 7 hours. 
If vitamin D was again withheld after this first treatment, the 
calcium would remain above the tetanic level for at least 5 days. 
On the other hand, when tetany was relieved with 1 cc. of Collip’s 
parathormone its effect was almost immediate, but tetany would 
again appear after approximately 36 hours. The effect of vitamin 
D was slower to appear but was more lasting than the parathor- 
mone. 26.6 rat units of vitamin D were required daily for the 
growing puppies. 13.3 rat units of vitamin D daily were sufficient 
to maintain a normal calcium level in a mature parathyroidecto- 
mized dog. The controls required 6 rat units of vitamin D daily. 
At least hypercalcemia did not develop when this amount was 
fed as was the case when they received 13.3 rat units. 

Calcium and phosphorus deposition in the soft tissues does not 
occur if only a sufficient amount of vitamin D is fed to maintain a 
normal calcium and phosphorus level in the blood. The results 
of the analysis for Litter 1 are given in Table I. On the other 
hand, when excess doses are administered, for example, as in the 
case of Dog 2, the serum calcium was continually above normal 
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and deposition of these elements did occur, particularly in the lungs 
and kidneys. 

The ash determinations of the bones indicate that normal bone 
calcification can take place in the absence of the parathyroid glands. 
Macroscopically the bones appeared normal in every respect. 
When excess doses of vitamin D were administered, as in the case of 


TABLE I 


Tissue Analysis of Litier 1 Fed Ration 1 Containing 1.07 Per Cent Calcium 
and 0.48 Per Cent Phosphorus 


0.475) 0.436 0.168) 0.390) 0.033) 1.24 
0.044) 1.264) 0.083) 1.65 | 0.107) 0.262) 0.055) 1.61 
0.085) 1.47 | 0.064) 0.490) 0.055) 1.49 
0.039) 0.940) 0.347) 1.34 | 0.057) 0.196) 0.058) 1.25 
0.036} 0.600) 0.048) 0.790) 0.039) 0.158) 0.036) 0.770 
0.022) 0.626) 0.077) 0.960) 0.035) 0.152) 0.032) 0.970 
0.055) 0.600) 0.549) 1.12 | 0.109) 0.127) 0.122) 0.129 
0.037} 0.888) 0.046) 0.940) 0.037) 0.202) 0.054) 1.00 
Ash Ash Ash Ash 
per cent per cent per cent per cent 
60.3 45.0 56.0 45.2 
60.0 44.4 55.7 43.0 
42.0 58.3 49.6 
A 54.9 44.3 54.7 50.7 
Se 61.3 55.7 61.8 51.6 


R. u. = Steenbock vitamin D units. 


Dog 2, calcification of the bones did not occur. The per cent of 
ash in its bones was approximately the same as in the bones of its 
litter mate, Dog 4, which was killed at 5 weeks of age, when the 
experiment was started. There is an indication that a decalcifica- 
tion of the ribs occurred. However, the difference may be due to 
individual variation and cannot be considered significant. 


| 
1. Para- 2. Para- Dog 4. 

ized at 5 wks.; | ized at 5 wks.; | © daily “A. | “at beginning 

26.6 r.u. daily | 13,300 r.u. daily of experiment 
Age at death, wks......... 45 12 25 5 
Ca P Ca P Ca 4 Ca P ¢ 

per cent | per cent | per cent | per cent | per cent | per cent | per cent | per cent 
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Reproduction in Absence of Parathyroids 


Occurrence of Estrus—The estrous period was observed to appear 
in three parathyroidectomized females: Female 5 from Litter 2 
saved from the previous experiment to determine whether the 
normal estrous cycle could occur in the absence of the parathyroids 
and Females 15 and 17-A. Females 15 and 17-A were parathyroid- 
ectomized after being bred but aborted toward the close of the 
gestation period because of tetany. They were, however, sub- 
sequently bred in the following estrous period. Female 17-A did 
not conceive but Females 5 and 15 delivered normal litters. 

These results support the observations of Dragstedt, Sudan, and 
Phillips (6). They observed that the absence of the thyroid and 
parathyroid glands did not prevent the regular appearance of 
estrus in dogs. 

Gestation and Lactation—Several cases have been reported in 
which tetany during pregnancy and lactation in parathyroidectom- 
ized dogs was relieved by injecting 0.9 per cent NaCl solution or 
large amounts of Ringer’s solution or by feeding large amounts of 
calcium lactate. Since vitamin D and the parathyroid glands are 
the important factors concerned with calcium and phosphorus 
metabolism, it was of interest to determine the amount of vitamin 
D which would be required during the various stages of gestation 
and lactation in the absence of the glands. 

Ration—Ration 1 was fed. Approximately 400 cc. of milk were 
added to this ration daily. 1000 D viosterol was used in order to 
keep the volume of oil as small as possible. 

Treatment of Animals—The females used for this phase of the 
work were bred and then thyroparathyroidectomized with the excep- 
tion of Females 5, 15, and 17-A. The serum calcium and inorganic 
phosphorus were determined weekly during the first 3 weeks of 
gestation, semiweekly the 4th and 5th weeks, every other day the 
6th, 7th, and a part of the 8th week, and finally every day during 
the last days of gestation and first few days of lactation. This 
frequency of bleeding was necessary because there is an increasing 
demand for calcium during the latter part of gestation, consequently 
requiring an increased dose of vitamin D to maintain the normal 
calcium level in the blood. 

Results—A total of seven females completed the gestation 


| 
| 
4 
| 
1 
. 
q 
KUM 


722 Effect of Parathyroidectomy 


period and six completed the lactation period. One out of the 
seven females completing the gestation period died 3 days after 
parturition. The cause of its death is not definitely known. 
However, its serum calcium was 14 to 15 mg. per 100 ce. of blood 
during the last few days of gestation and up to the time of its 
death. A slightly bloody fecal discharge was also observed. It is 
possible that it died from a vitamin D overdose. The serum 
calcium and phosphorus levels together with the amount of vitamin 
D fed daily are given in Tables II, III, and IV for Females 5, 15, 
and 51, respectively. These females maintained a normal appetite 
and appeared normal in every respect except when the calcium rose 
to 14 mg. or more, when loss of appetite occurred. They imme- 
diately resumed eating when the serum calcium fell below this 
level. It will be noted that the greatest daily demand for vitamin 
D occurred on the last day of gestation and the day of parturition 
and then fell sharply to 3990 or 6650 rat units, the amount depend- 
ing upon the size of the litter. The demand for vitamin Dremained 
at the latter level throughout the lactation period until the puppies 
began to take other food. These females suffered no ill effects 
from the amount of vitamin D taken. These results are in 
marked contrast to the vitamin D requirement of growing pups, 
where 26 rat units daily sufficed for the maintenance of a normal 
blood calcium. 

Lactation on Low Calcium Diet—From the fact that such large 
doses of vitamin D were required to maintain a normal serum 
calcium and phosphorus level when fed Ration 1 plus milk, the 
question arose whether the serum calcium and phosphorus cou!d be 
maintained on a low calcium diet, and whether the calcium was 
supplied by increased absorption from the intestines or whether 
some of it was being withdrawn from the skeleton. The relative 
amount of vitamin D required before and after feeding the low 
calcium diet should give some indication of the source of the calcium 
secreted in the milk since histological and chemical studies seem to 
indicate that very high doses of vitamin D cause a resorption of 
the skeleton. 

Three of the lactating females, Females 5, 15, and 50 were fed a 
low calcium diet (Ration 3) a few days after parturition while 
Females 28, 45, and 51 remained on the normal calcium diet 
(Ration 1). 
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Ration—The low calcium ration fed (Ration 3) contained 60 
per cent yellow corn, 15 per cent wheat middlings, 10 per cent corn 


TABLE II 
Record of Female 5 
The animal was thyroparathyroidectomized November 27, 1931, at 8 
weeks of age; bred October 13, 1932; fed Ration 1 plus 400 cc. of milk daily. 
The ration contained 1.07 per cent calcium and 0.48 per cent phosphorus. 
Calcium and phosphorus are expressed in mg. per 100 cc. of blood. 


Ca |Inorganic 
rat units 
Dec. 1 11.5 5.86 6,650 | Up to date viosterol increased 
- 2 10.2 4.57 7,980 progessively to this amount 
9.4 4.42 10,640 
“8 11.2 10,640 
9.2 13,300 
“ 14 9.0 15,960 
* @ 15,960 | Littered 5 pups (1 dead) 
- 10.6 5.01 6,650 | 6650 rat units fed from Dec. 15 
° 6,650 | Fed low Ca Ration 3 containing 
ie 7.8 19,950 0.15 per cent Ca and 0.55 per 
* 8.8 6.12 23,940 cent P 
9.1 26,600 
10.0 26 ,600 
* = 10.8 4.71 26, 600 
9.4 26,600 
9.4 26,600 
10.0 5.13 26,600 
Jan. 1 9.4 26 , 600 
10.8 26,600 
7.6 3.26 39,900 
9.6 39,900 
9.0 5.81 46,550 
8.8 53,200 
“ 16 9.98 53,200 
“« 18 59,850 | Excellent appetite throughout 
“ 23 8.3 6.92 59,850 this period 
Sacrificed 


gluten, 12 per cent casein, 2 per cent yeast, and 1 per cent NaCl. 
This ration contained 0.15 per cent calcium and 0.55 per cent 
phosphorus. 


7 

Date Fant Viosterol Remarks | 1 

| 

UM 


TABLE Ill 
Record of Female 15 

The animal was thyroparathyroidectomized May 1, 1932; bred October 
11, 1932; fed Ration 1 plus 400 cc. of milk daily. The ration contained 1.07 
per cent calcium and 0.48 per cent phosphorus. 

Calcium and phosphorus are expressed in mg. per 100 cc. of blood. 


Serum 
Date Remarks 
Ca Inorganic P’ 
rat units 
Oct. 15 12.2 6.01 Viosterol increased from 13.3 rat 
Nov. 12 12.8 5.28 3,990 units to this amount from date 
“ 15| 13.2 | 3.42 | 3,990 | of breeding 
14.4 4.50 3,990 
12.7 5.92 6,650 
13.8 4.71 6,650 
12.6 2.80 6,650 
12.4 10,640 
Dec. 1 12.8 4.70 10,640 
13.6 13,300 
13.2 17,290 
15.2 17,290 
12.0 17,290 
13.0 3.47 19,950 
13.4 3.10 19,950 
11.6 23,940 
10.3 26, 600 
12.0 26,600 
* § 6,650 | Littered 8 puppies, all normal 
+. 13.0 3.65 6,650 
. 2 6,650 | Fed low Ca Ration 3 containing 
a2 8.2 26,600 0.15 per cent calcium and 0.55 
@ 8.4 26,600 per cent phosphorus 
. @ 8.8 26,600 | Nursing 4 puppies 
“ 24 9.0 4.50 26, 600 
9.4 26, 600 
“ 2% 8.5 26 ,600 
“ 2 9.4 4.34 26,600 | Maintained excellent appetite 
“« 8% 8.6 26,600 throughout this period 
Jan. 1 9.7 26,600 
10.0 3.85 26,600 
7.2 2.90 39,900 
10.4 39,900 
* 2 9.4 5.24 46,550 
9.0 53,200 
Bi 59,850 
“ 10.0 66, 500 
“ 2 11.9 4.85 66,500 
Sacrificed 
724 
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Results—The serum calcium of these females dropped sharply 
from 11 or 12 mg. to 7.6 or 8 mg. per 100 cc. of blood within 24 
hours after the ration was fed. The vitamin D intake was imme- 
diately increased to 26,600 rat units but this amount was not 


TABLE IV 
Record of Female 51 
The animal was bred October 2, 1932; thyroparathyroidectomized 
November 10, 1932; fed Ration 1 plus 400 cc. of milk daily. The ration 
contained 1.07 per cent calcium and 0.48 per cent phosphorus. 
Calcium and phosphorus are expressed in mg. per 100 cc. of blood. 


Serum 
Viosterol 


rat units 
Viosterol increased progressively 
up to this time 


i) 

on 

B 


Littered 4 puppies, all normal 


« 


Maintained excellent appetite 
throughout period 
Tetany 


7.2 6.72 
9.5 
11.15 
13.00 
Sacrificed 


- 


sufficient to prevent tetany in Female 50. It was given 66,500 
rat units when tetany appeared, but slight contractions of the jaw 
muscle persisted during the following 2 days. The serum calcium 
then began to rise gradually. The difference in the amount of 
vitamin D required can undoubtedly be accounted for by the fact 
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that Female 50 suckled six puppies while the other two suckled 
only four. 

The ash analyses of the bones from these females are given 
in Table V. The results suggest that a partial dissolution of the 
skeleton of these females has occurred, particularly in Females 5 
and 15 fed the low calcium diet for 5 weeks during the lactation 
period. 


TABLE V 
Per Cent Ash in Bones from Parathyroidectomized Females (Dogs) Completing 
Gestation and Lactation Period 


Female 
48.° | Female | Female | Female | Female 5. Female 15. 
Ration 1,| Ration Ration 3, 


ee 59.0 | 57.3 | 59.1 | 58.2 56.3 56.2 
 weitnisswntnnwnwd 59.4 | 58.3 | 58.3 | 58.8 54.8 56.5 
64.8 | 64.2 | 61.3 | 64.8 63.0 63.2 
re 64.9 | 64.1 | 61.2 | 64.2 61.8 62.8 
EE eee 66.1 | 65.1 | 66.2 | 65.4 65.0 61.6 


* The animal was parathyroidectomized but not bred; given 13.3 rat 
units of vitamin D daily. 


DISCUSSION 


The results of these experiments on parathyreopriva with 
growing puppies and pregnant dogs indicate that the parathyroid 
glands do not perform a specific function in metabolism necessary 
for life. The fact that parathyroidectomized dogs develop 
normally and can survive a complete reproductive cycle points to 
the fact that these glands perform a secondary rather than a 
primary function. 

In normal animals they perform the necessary function of main- 
taining a normal serum calcium and phosphorus level in the 
blood, especially toward the end of gestation and early lactation, 
when the demands for calcium and phosphorus are particularly 
large. This is done at the expense of the skeleton. Their unusual 
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activity in late gestation and early lactation would account for the 
many negative calcium balances that have been observed in 
lactating animals, in spite of the ingestion of liberal amounts of 
vitamin D. 

While it is entirely possible that some parathyroid tissue was 
present in these animals, nevertheless a sufficient deficiency was 
produced in all of them to cause a rapid fall in the serum calcium 
and inorganic phosphorus until tetany occurred. The fact that 
vitamin D taken orally could restore the normal blood picture in 
these animals after the occurrence of tetany indicates that at least 
in this respect vitamin D can replace the parathyroid hormone. 

The question of vitamin D toxicity is of interest in the light of 
the results obtained from these experiments. It will be noted that 
the pregnant and lactating parathyroidectomized females were 
fed as high as 40,000 rat units daily for several weeks without any 
ill effects. Similar doses administered to normal or parathyroid- 
ectomized dogs under normal conditions would prove decidedly 
toxic within a very few days. No symptoms of overdosage were 
apparent in these animals unless the serum calcium rose above 14 
mg. per 100 cc. of blood. At this level loss of appetite would imme- 
diately be apparent. However, as soon as the serum calcium would 
again fall below this level the dogs would resume eating and exhibit 
normal reactions, provided the hypercalcemia had not been 
maintained for an unduly long time. 

It was first reported by various investigators that the toxic 
principle was a substance closely associated with vitamin D and 
later it was postulated that the toxicity resided in the vitamin D 
molecule. Hoyle (11) reported that the toxic action of irradiated 
ergosterol was due to an unknown toxic substance and to vitamin 
D. He also reported that averirradiation destroys first the vitamin 
D and later the toxic substance. Bills and Wirick (2) reported 
that 1000 times overdosage was just perceptibly toxic and 4000 
times was definitely injurious. They also reported that the toxic 
action was potentiated by CaCO; and unaffected or slightly 
lessened by NasHPO,. Windaus (14) stated that the toxicity of 
the crude product varies with the potency, but it is still possible 
that the two properties may be due to different substances. 

It may be said that vitamin D fed above the amount which can 
be immediately utilized by the animal is toxic. However, the fact 
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that the symptoms of toxicity appear simultaneously with the rise 
in serum calcium and disappear when the calcium falls to a normal 
level seems to indicate that the toxicity is due to the metabolites 
of vitamin D rather than to vitamin D itself. 


CONCLUSIONS 


1. Normal bone development can occur in the absence of the 
parathyroid glands when vitamin D is fed. 

2. Excess calcium and phosphorus deposits do not occur in the 
soft tissue if only sufficient amount of vitamin D is given to main- 
tain a normal serum calcium and inorganic phosphorus level. 

3. The parathyroid glands do not perform a specific function in 
metabolism essential for life since parathyroidectomized dogs can 
successfully survive an entire reproductive cycle, provided the 
normal calcium and phosphorus level in the blood is maintained 
by the oral administration of vitamin D. 

4. The toxicity of vitamin D is apparently due to the increased 
calcium in the blood because pregnant and lactating dogs have 
ingested as much as 40,000 rat units daily for several weeks with 
no ill effects. 


We are grateful to Dr. H. T. Scott, Chemist for the Wisconsin 
Alumni Research Foundation, for supplying the viosterol used in 
these experiments; to Eli Lilly and Company for supplying the 
parathormone; to Dr. H. F. Haney for performing the first para- 
thyroidectomies; and to Dr. W. J. Meek for the facilities of his 
department. 
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ADSORPTION OF VITAMIN B (B,) BY PLANT TISSUE 


I. ADSORPTION OF VITAMIN B (B,) BY BRASSICA CHINENSIS 
WHEN PICKLED WITH SALT AND RICE BRAN* 


By CAREY D. MILLER anp MARJORIE G. ABELt 


(From the Nutrition Laboratory, Hawaii Agricultural Experiment Station, 
Honolulu)t 


(Received for publication, February 6, 1933) 


Vegetables pickled in salt with or without such accessory sub- 
stances as rice or rice water, kogi (fermented rice), and rice bran, 
are an important item in the diet of the Japanese, but information 
is lacking regarding the effect of the salting process upon the vita- 
min content of the vegetables (1). 

We have found that salting Chinese cabbage, Brassica chinensis 
(a favorite green leafy vegetable of the Japanese in Hawaii), with 
and without rice bran profoundly affects the vitamin B content 
of the product. 

Methods 


Brassica chinensis has a fleshy green blade and thick white 
petiole; the proportion of blade to petiole varies widely, the petiole 
being 36 to 55 per cent of the weight. It is sold in bunches weigh- 
ing approximately 1 pound. 

A uniform method of pickling the cabbage was followed. The 
cabbage was washed and wilted out-of-doors, in the sun if possible, 
for about 2 hours. For cabbage pickled in salt alone, 1} table- 
spoonfuls of common crystal salt were dissolved in ? cup of cold 
water, poured over one bunch of Chinese cabbage in a glass jar, 


* Published with the permission of the Director of the Hawaii Agricul- 
tural Experiment Station. 

+ A portion of the data here presented is taken from the thesis submitted 
by Marjorie G. Abel, in partial fulfilment of the requirements for the de- 
gree of Master of Science in Nutrition at the University of Hawaii, 1932. 

t Under the joint supervision of the University of Hawaii and the United 
States Department of Agriculture, Honolulu. 
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and stirred. A wooden cover fitting loosely into the jar was 
placed on the contents and weighted with a brick. The cabbage 
was stirred daily and left at room temperature for 3 days. It was 
then removed, carefully washed, chopped very fine to insure an 
even distribution of blade and petiole, and placed in a tightly 
covered container in an electric refrigerator. A fresh supply was 
made twice a week. For 57 samples, the average loss of weight 
due to pickling the cabbage in salt was 43.2 per cent. 

For cabbage pickled in the paste of salt and rice bran, the cab- 
bage was washed and wilted as previously explained. For each 
bunch of cabbage to be pickled, a paste was made of 2 tablespoon- 
fuls of crystal salt, 2 cups of rice bran, and 1 cup of water. Alter- 
nate layers of this paste and the cabbage were placed in a container 
and the pickling process was allowed to continue as for the salted 
cabbage. After 3 days the cabbage was washed with particular 
care to remove all traces of the rice bran. Each leaf was rinsed 
thoroughly under running water, and at intervals samples were 
examined microscopically to make sure the cabbage was absolutely 
free from particles of rice bran. It was chopped and stored as was 
the salted cabbage. For 60 samples, the average loss of weight 
due to pickling the cabbage in a paste of salt and rice bran was 
48.70 per cent. 

The rice bran was obtained at a local rice mill and was approxi- 
mately the grade technically known as “hullers.” This rice bran 
showed a higher vitamin B content than good quality dry yeast 
and wheat germ tested in our laboratory. 

Standard white rats raised in our laboratory were used. The 
usual precautions were taken to use control animals and individual 
cages with raised wire mesh bottoms. The diet and feeding 
methods followed were those recommended by Chase (2). 

For making the pH studies of the leaves, a leaf extract was made 
by grinding up several leaves, including blade and petiole, and 
squeezing out the liquid by hand through four thicknesses of cheese- 
cloth. The pH of these solutions was then tested by means of a 
Leeds and Northrup potentiometer having a quinhydrone elec- 
trode. 


Results 


Twenty-three rats were used to test the”vitamin B of fresh 
Chinese cabbage. The results are summarized in Table I. It 


st 


I 
1 
i 
N 
C 
N 
Cc 
ir 
se 
lo 
a 
se 
| 
XUM 


C. D. Miller and M. G. Abel 733 


may be noted that the rats fed daily 4.5 gm. of fresh Chinese cab- 
bage gained an average of 28 gm. in 8 weeks. 

When standard rats were fed the pickled cabbage in amounts 
equivalent to the fresh cabbage, it was soon obvious that the 
vitamin B content of the salted cabbage and the bran-salt-pickled 
cabbage was very different. The second part of Table I shows 
that when rats were fed daily 2.25 gm. of bran-salt-pickled 


TABLE I 
Summary of Results of Feeding, As Sole Source of Vitamin B, Cabbage 
(Brassica chinensis) Fresh, Pickled in Salt, and in Paste of 


Salt and Rice Bran 
Average weight 
of rats 
Source of vitamin B 33 s 3 
ee 25 E 
gm. gm, gm. gm. gm. gm. 
Negative control................. 3 | 0.0 52 50 
8 | 4.0 50 | 73] 84/ 
7 | 4.5 64 | 87/115; 28 
Negative control................. 410.0 54 49 
Cabbage, bran-salt-pickled........ 1.0} 1. 55 | 72) 135 | 63 
6 | 2.25) 4.39) 81 | 192} 111 
 galt-pickled ............ 7/1.0| 1.76} 56| 52 |—20 
6 | 2.70) 4.75) 64| 83 79) —4 
Negative control................. 5| 0.0 54 49 
Cabbage, bran-salt-pickled........ 19 | 0.7 | 1. 54 | 76|120| 44 
salt-pickled............. 18 | 5.0 | 8.80} 51) 74/106 | 32 


cabbage and 2.70 gm. of salted cabbage (each equivalent to approx- 
imately 4.5 gm. of fresh cabbage), the rats fed the bran-salt- 
pickled cabbage gained an average of 111 gm. in 8 weeks and the 
seven rats fed the salted cabbage showed no gain but an average 
loss of 4 gm. in 8 weeks. 

Table I also shows that seven rats fed daily 1 gm. of bran-salt- 
pickled cabbage gained an average of 63 gm. in 8 weeks, whereas 
seven matched litter mates fed daily 1 gm. of salted cabbage lost 
an average of 20 gm. in 8 weeks. 
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The last section of Table I shows the results of feeding quantities 
of the salted cabbage and bran-salt-pickled cabbage that were 
expected to cause equal gains in weight. It may be noted, how- 
ever, that the nineteen rats fed daily 0.7 gm. of bran-salt-pickled 
cabbage gained 12 gm. more in the 8 week period than eighteen 
rats fed 5.0 gm. of salted cabbage. In other words, the bran- 
salt-pickled cabbage has about 8 times the vitamin B potency of 
the salted cabbage. Pickling the Chinese cabbage in salt for 3 
days causes a loss of approximately 50 per cent of its vitamin B 
content, whereas pickling in a paste of salt and rice bran increases 
the vitamin B of the cabbage to almost 4 times the original value. 

Leaf extract of the fresh and pickled cabbage was prepared and 
tested as outlined under “Methods.” The mean of twenty-eight 
determinations on as many samples of leaf extract of fresh cab- 
bage was pH 6.38; the mean of thirty-eight determinations of 
bran-salt-pickled cabbage, pH 4.74; and the mean of thirty-six 
determinations of salted cabbage, pH 4.91. 


DISCUSSION 


It is obvious from the results of experiments just described that 
the cabbage pickled in a paste of salt and rice bran has acquired 
vitamin B in some way. Because of the thorough washing given 
after the pickling process, its high vitamin B content cannot pos- 
sibly be due to adhering particles of rice bran. Two possible 
explanations are suggested: either the vitamin B of the rice bran 
is adsorbed by the leaf tissue during the salting process, or the 
water-soluble vitamin diffuses into the tissues of the cabbage de- 
spite their great loss of water. 

Tests made on the leaf extract of the fresh Chinese cabbage and 
of the pickled products show that the pH of the leaf extract 
changes, as a result of pickling in the paste of salt and rice bran, 
from a nearly neutral point for the fresh cabbage to an acidity that 
has been shown to be most satisfactory for the adsorption of 
vitamin B on such substances as fullers’ earth and Lloyd’s reagent. 
Leaves have a negative charge, and vitamin B is known to bea 
basic substance, which would provide proper conditions for ad- 
sorption equilibrium. 

So far as is known, this is the first evidence reported of the 
transfer of vitamin B to edible plant tissue from some outside 
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source. Aykroyd (3) has recently shown that there is penetration 
of vitamin B to the inner portion of the rice grain from the outer 
layers when brown rice is parboiled before milling. 

Despite the fact that the pH of the leaf extract of the cabbage 
pickled with salt alone changes to an acidity that should tend to 
preserve the vitamin, there is marked loss of vitamin B. 

Because the use of salt-pickled vegetables is so wide-spread 
among rice-eating peoples, in whom beriberi commonly occurs, the 
practice of salting vegetables with rice bran should be encouraged 
as one means of increasing vitamin B in the diet. 

Experiments now in progress in our laboratory show that other 
vegetables pickled with salt and rice bran have their vitamin B 
content increased. 


SUMMARY 


1. Chinese cabbage, Brassica chinensis, a green leafy vegetable, 
loses approximately 50 per cent of the original vitamin B content 
when pickled with salt for 3 days, but when pickled in a paste of 
salt and rice bran the vitamin B content of the cabbage is in- 
creased to almost 4 times the original value. 

2. The pH of the leaf extract of fresh Chinese cabbage leaves 
shows a value of 6.38; whereas after the cabbage is pickled in salt 
and rice bran for 3 days, the pH of the leaf extract changes to 
4.74. 

3. The cabbage acquires vitamin B from the rice bran, probably 
either by diffusion of the water-soluble vitamin into the tissues of 
the leaves or by adsorption of vitamin B by the leaves. Since 
leaf tissue has a negative charge and vitamin B is known to be a 
basic substance, at a pH of 4.74 conditions are ideal for adsorption 
of vitamin B of the bran on the leaf tissue. 
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IS BLOOD PROTEIN AMIDE NITROGEN A SOURCE OF 
URINARY AMMONIA? 


Iv. AN IMPROVED AERATION SET FOR USE IN TRANSFER AND 
MEASUREMENT OF SMALL QUANTITIES OF AMMONIA* 


By EDWARD F. WILLIAMS, Jr., ann THOMAS P. NASH, Jr. 
(From the Department of Chemistry, University of Tennessee School of 
Biological Sciences, Memphis) 

(Received for publication, February 17, 1933) 


In an extensive study of the protein amide nitrogen values of 
blood (1, 2), a major portion of time and effort was consumed in 
devising a technique, combining air distillation of ammonia from 
protein-containing mixtures and subsequent Nesslerization of the 
transferred ammonia, capable of a consistent performance within 
1 or 2 per cent error when the absolute quantities of ammonia 
measured were of the order of 0.3 to 0.6 mg. Only those who have 
examined critically the practical limits of consistency and ac- 
curacy in such measurements may appreciate fully the technical 
difficulties involved and the tedious and unflagging attention to 
detail which must be observed if even reasonably satisfactory 
results are to be accomplished. Because we have succeeded, only 
after much trying experience, in approximating a consistent tech- 
nique and a fairly ideal accuracy we believe that a report of certain 
details of our procedure and apparatus will prove helpful to others 
who are concerned with similar problems. 

One of the most insidious sources of error is the mechanical loss 
of liquid in the form of spray from the receiving tube during the 
aeration process. In spite of the prevention of any loss by visible 


* The data of this and other papers in this series are taken from a dis- 
sertation presented by Edward F. Williams, Jr., to the Committee on 
Graduate Study in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, University of Tennessee, September, 1932. 

The apparatus described herein was demonstrated before the Twenty- 
sixth meeting of the American Society of Biological Chemists at Phila- 
delphia, April, 1932. 
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spattering, the presence of a persistent outgoing invisible spray, 
containing dissolved solute, may be demonstrated by means of a 
suitable trap. This fault, as well as many others more commonly 
recognized, we have endeavored to minimize by employing the 
specially designed apparatus and procedure described below. 


Apparatus 

The receiving tube! with its fittings is illustrated in Fig. 1. 
The constriction in the tube and the close fitting integral glass 
flange (or baffle plate) of the inlet tube together so completely 
prevent loss by spattering that even with air rates of 3 to 4 liters 
per minute no visible spray appears above the flange during an 
aeration period of 45 minutes. The persistent invisible spray is 
trapped upon the acid-moistened glass beads which half fill the 
siphon trap shown in Fig. 1. 

The 50 cc. graduation of the receiving tube falls within the con- 
stricted portion of the tube, enabling volume adjustment as 
precisely as in a volumetric flask. Avoidance of further transfer 
into a volumetric flask conserves both time and accuracy. 

The companion unit, containing the alkalized mixture from 
which the ammonia is to be transferred, differs only in not having 
the terminal bulb and small openings upon the inlet tube and in 
replacing the trap with a simple glass outlet tube which has a 
slight offset bend above the stopper to allow room for rubber 
connections. 

U-Shaped glass bends with short rubber connections join the air 
outlet of the alkali tube to the air inlet of the receiving tube, thus 
avoiding extensive contact of ammonia with rubber. When 
several pairs of tubes are connected in series, the alternate connec- 
tions, through which only the washed air passes, are entirely 
rubber. 


Procedure 


According to routine, we have carried out our analyses in trip- 
licate, employing an aeration train composed of twelve pairs of 
tubes. Four samples may thus be carried in each run, or three 


1 West and Brandon (3) have recently recommended a similar volumetric 
type of tube for use in micro-Kjeldahl digestions and direct Nesslerization. 
The tube proposed by us may be used satisfactorily in such procedures. 
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Fic. 1. The volumetric tube is of Pyrex glass. The glass flange or 
baffle plate, which is an integral part of the inlet tube, is 2mm. in thickness 
and has a clearance of approximately 1 mm. The apparatus has been 
supplied by Arthur H. Thomas Company, Philadelphia, and by Scientific 
Glass Apparatus Company, Bloomfield, New Jersey. 
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samples with simultaneous controls. It has been our practice to — 


shuffle the various samples in the train so that when the final 
colors are read in the colorimeter the observer has no foreknowledge 
of the tubes which are mates. This haphazard arrangement also 
should disclose any consistent inequalities in transfer which may 
occur in different positions in the long train. 

It has been found convenient to use a single large test-tube rack, 
in which all the acidjreceiving tubes are in the front row and the 
alkalized tubes in corresponding positions in the back row. Each 
receiving tube contains 5 cc. of 0.04 n hydrochloric acid. Alkali 
and caprylic alcohol are added through the air inlet to the back 
tubes after these have been connected to the receiving tubes. A 
single drop of caprylic alcohol to each tube prevents foaming of an 
alkali-proteinate mixture during an aeration of 45 minutes if the 
train is backed up by a series of what may be termed conditioning 
tubes. We have employed six such conditioning tubes containing, 
alternately, acid and alkali. The three alkali tubes receive before 
each run 4, 8, and 12 drops of caprylic alcohol, respectively, the 
tube most distal to the water suction pump receiving the largest 
quantity of foam inhibitor. If necessary, more alcohol may be 
added to this tube during the course of the aeration. These 
conditioning tubes not only serve to saturate the incoming air 
with caprylic alcohol, but also assure further washing of the air 
and help to build up an appreciable negative pressure in the 
whole system. 

Because of the danger of blowing out stoppers with positive 
pressure and of the relative inconvenience in obtaining a suitable 
compressed air supply in our own laboratory, we prefer negative 
pressure for aeration of ammonia. The suction is obtained from a 
powerful water pump, the rate of air flow being controlled through 
a stop-cock at the pump. Behind the conditioning tubes stands a 
large acid wash bottle with Folin absorption tube and, finally, 
an air flowmeter (4). With the entire set-up connected, we begin 
the aeration with a rate of 1 liter per minute. After 3 minutes the 
rate is increased to 2 liters per minute for 5 minutes. For the 
remainder of the 45 minute period the air rate is slightly more than 
3 liters per minute. 

After transfer of the ammonia and before Nesslerizing, each 
receiving tube is aerated individually until the contents begin to 
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foam noticeably, indicating adequate removal of caprylic alcohol. 
Then the stopper is loosened and trap and inlet tubes are washed 
thoroughly, the washings being directed into the corresponding 
receiving tube. The volume of water used for washing still allows 
room for addition of Nessler’s reagent and further dilution to 
volume. 


EXPERIMENTAL 


Two typical sets of data obtained in the foregoing manner will 
be summarized briefly. In a control experiment 0.450 mg. of 
ammonia nitrogen, as ammonium sulfate, together with enough 
sulfuric acid to make the resulting mixture 4 N (as in the blood 
protein amide nitrogen determination) was placed in each of the 
twelve tubes to be alkalized. After aeration the ammonia nitrogen 
recovered in the corresponding receiving tubes ranged from 0.442 
to 0.461 mg. The average deviation from the original known 
quantity in each alkalized tube was +0.006 mg. of ammonia 
nitrogen (+1.3 per cent). 

In an actual run in the course of the determination of protein 
amide nitrogen in four separate blood samples from the same dog, 
the mean values of triplicates were as follows: 127.1, 126.0, 127.1, 
and 126.5 mg. of protein amide nitrogen per 100 ce. The average 
deviation from the corresponding mean of the twelve individual 
determinations was +0.78 per cent, the range of deviations being 
from —1.93 to +1.42 per cent. 
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DERIVATIVES OF GLUCURONIC ACID 
Il. THE ACETYLATION OF GLUCURON 


By WALTHER F. GOEBEL anp FRANK H. BABERS 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 6, 1933) 


In the preceding paper (1) a method for the preparation of 
glucuronic acid from glucuron was described. When glucuronic 
acid is dissolved in hot glacial acetic acid, or when aqueous solu- 
tions of the acid are heated to the boiling point, the compound is 
rapidly converted into its lactone, glucuron. The nature of the 
lactone and lactal rings of glucuron is not positively known, 
although certain evidence is at hand which permits of deducing a 
tentative formula for this substance. 

Challinor et al. (2) have shown that the oxide ring of methylated 
glucuronic acid, obtained as a scission product from the fully 
methylated aldobionic acid derived from gum acacia, is of the 
pyranoid type. Furthermore, Pryde and Williams (3) have 
proved that the oxide ring of methylated bornylglucuronide, a 
glycoside of glucuronic acid secured from the urine of dogs which 
have been fed d-borneol, is also of the pyranoid type. In regard 
to the nature of the lactone ring of glucuron, Pryde has come to the 
conclusion that in the trimethyl derivative, it is probably of the 
furanoid type, though he states that the evidence at hand does not 
as yet permit him to assert this. With the evidence at present 
available one may tentatively formulate 8-glucuron as follows: 


(6) 
H 6) 
H 
(4) (1) 
HO 
H OH 
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The present communication deals with an account of the 
acetylation of glucuron and the separation of the resultant tri- 
acetates into isomeric a and 8 forms. The ultimate objective of 
this work is to procure a compound of glucuronic acid which might 
be converted into the corresponding acetohalogen derivative. 
The latter compound should prove to be of value in the synthesis of 
various glycosides of glucuronic acid. 

In the consideration of this problem it must be recalled that 
Neuberg and Neimann (4) have described the preparation not only 
of a crystalline acetobromoglucuron, but the synthesis of several 
glucuronides as well—naturally occurring compounds whose 
properties are well known. These researches, performed many 
years ago, assume a fresh significance in view of the renewed 
interest which is being shown in the chemistry of the uronic and 
polyuronic acids. However, even with most carefully controlled 
experiments, we have been unable to reproduce the results reported 
by Neuberg. 

It has been found that glucuron may be easily acetylated either 
with pyridine and acetic anhydride at 0° or with zinc chloride and 
acetic anhydride at elevated temperatures. The products of 
acetylation can be readily separated by fractional crystallization 
into a difficultly soluble triacetylglucuron, which we have termed 
the 8 variety, and a much more soluble a isomer. §-Triacetyl- 
glucuron melts at 194-195° (corrected) and has a specific optical 
rotation of +84.1° in chloroform. After four recrystallizations 
from ethyl alcohol, the compound is nearly optically pure. a- 
Triacetylglucuron melts at 110—-112° (corrected) and has a specific 
optical rotation of +203.6° in chloroform; the a derivative, being 
much more soluble than its 8 isomer, is difficult to obtain in an 
optically pure state. After eight recrystallizations from ethyl 
alcohol the a derivative was found to have a specific optical 
rotation of +203.0°. After two more recrystallizations the 
specific optical rotation rose to 203.6°. The compound was not 
purified beyond this point. 

In conclusion it may be pointed out that the difference in the 
molecular rotations of a- and §-triacetylglucuron is 36,100, a 
value which is in good agreement with the observed differences in 
molecular rotations of the pentaacetates of the hexoses. 
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EXPERIMENTAL 


Acetylation of Glucuron with Acetic Anhydride and Pyridine at 
0°—225 cc. of freshly distilled pyridine, previously dried over 
barium oxide, were added to 185 cc. of acetic anhydride and the 
mixture was cooled to 0°. To this mixture were slowly added 
45 gm. of pulverized glucuron. After each addition of glucuron, 
solution of the material progressed rapidly. The temperature of 
the mixture was never allowed to rise above 5°. After all the 
glucuron had been dissolved (1 hour) the flask was allowed to 
stand for an additional 2 hours at 0°. The colorless solution was 
then poured into 3 liters of a mixture of water and cracked ice, 
and the entire mass stirred violently for a half hour. The ice 
water was finally decanted from the oily mass which settled rapidly 
to the bottom of the container. A fresh portion of 1 liter of ice 
and water was added, and the mixture again stirred for a half hour. 
The sediment of triacetylglucuron now assumed a more granular 
consistency. The wash water was again discarded, and the pre- 
cipitate washed a third time. At this point the sediment in the 
flask was found to be largely crystalline. The water was de- 
canted, and the excess fluid removed by suction on a filter; the 
material was dried at room temperature. 70 gm. of a mixture of 
a- and §-triacetylglucuron were recovered, a yield of 90 per cent 
of the theoretical. 

Acetylation of Glucuron with Acetic Anhydride and Zinc Chloride— 
5 gm. of anhydrous zine chloride were dissolved in 70 cc. of acetic 
anhydride and to the solution were added 13 gm. of pulverized 
glucuron. The mixture was heated to 60° and the temperature 
of the reaction was not allowed to rise above 65° until all of the 
glucuron had dissolved. The flask containing the reaction mix- 
ture was now placed in a beaker of warm water, and the tem- 
perature of the bath gradually raised to the boiling point. The 
solution in the flask became somewhat yellow. The heating was 
continued for 3 or 4 minutes, and the flask was then removed and 
cooled. The contents of the flask were now poured into 1 liter 
of ice and water, and the mixture stirred for a half hour. As in 
the previous experiment, the precipitate was washed twice with 
water, and finally dried. 19.1 gm. of a mixture of a- and §-tri- 
acetylglucuron were recovered, a yield of 85 per cent of the 
theoretical. 
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Separation of a- and 8-Triacetylglucuron—The 70 gm. of crude 
a- and 8-triacetylglucuron, obtained by the acetylation of glucuron 
with acetic anhydride and pyridine, were dissolved in a warm 
mixture of 560 cc. of absolute ethyl alcohol and 140 ce. of glacial 
acetic acid. The solution was decolorized with a little norit and 
filtered through a hot water funnel. The filtrate was again 
warmed, to dissolve all material which crystallized during filtra- 
tion. The flask containing the solution of the triacetate was 
placed on the laboratory desk beneath a large beaker to allow 
gradual cooling. After several hours crystals were observed in 
the solution. The flask was allowed to stand undisturbed for 2 
days; and the crystals were then separated by filtration. 15.6 
gm. were recovered, a yield of 19.4 per cent of the total substance. 
These crystals melted at 193-194° (corrected) and had a specific 
optical rotation of +84.6° in chloroform. The compound was 
three times recrystallized from absolute ethyl alcohol, yielding a 
product which melted at 194-195° (corrected), and having the 
following specific rotation. 


lal” = +2.50 X 100 
2 1.4860 
Analysis—4.170 mg. substance: 7.265 mg. CO:, 1.768 mg. H,O 


CyHuO,. Calculated. C 47.67, H 4.67 
Found. “ 47.51, “ 4.74 


The filtrate from the crystals described above was concentrated to 
dryness in vacuo and 56.0 gm. of a crystalline substance were 
recovered, a yield of 80 per cent of the total dry weight of starting 
material. This substance melted at 104—106° (corrected) and had 
a specific optical rotation of +196.4° in chloroform. 10 gm. of 
this material were recrystallized eight times in all from ethyl 
alcohol, yielding 1.5 gm. of a material which melted at 110-112° 
(corrected) and having a specific rotation of 203.0°. Two more 
recrystallizations from ethyl alcohol yielded 1 gm. of a product 
which had the same melting point and a specific rotation of 


43.54 X 100 
lal, 2x08600 7 +203.6° (in chloroform) 


Analysis—4.665 mg. substance: 8.170 mg. CO, 1.975 mg. H,O 
CyuHuOs. Calculated. C 47.67, H 4.67 
Found. “* 47.76, “ 4.73 


= +84.1° (in chloroform) 
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This compound, the more dextrorotatory of the two described, has 
been termed a-triacetylglucuron; its isomer, the more levorotatory 
of the two, has been termed §-triacetylglucuron. 

The original mixture of a- and §-triacetylglucuron, obtained 
by the acetylation of. glucuron with zine chloride and acetic 
anhydride, was dissolved in 250 cc. of the alcohol-acetic acid 
solvent. 15.4 gm. of §-triacetylglucuron, melting at 193-194°, 
were recovered, a yield of 81 per cent of the total weight of starting 
material. The mother liquid from the crystals yielded 3.5 gm. of 
impure a-triacetylglucuron, which was further purified by re- 
crystallization. 

Thus it was found that glucuron, when acetylated in the presence 
of pyridine, yielded mainly a-triacetylglucuron; when the acetyla- 
tion was carried out with zine chloride, the predominating acetate 
was of the 8 variety. The methods described above yield products 
which are superior to those obtained by the use of acetic anhydride 
and sodium acetate at higher temperatures (75-100°), since a 
marked decomposition accompanies the acetylation under the 
latter conditions, resulting in poor yields of 8-triacetylglucuron. 

In conclusion the authors wish to express their thanks to Dr. 
R. B. Corey who has kindly made a crystallographic study of the 
two isomeric forms of triacetylglucuron. It was found that speci- 
mens of a-triacetylglucuron, obtained by very slow cooling of an 
ethereal solution, are orthorhombic, tabular prisms bounded by 
the forms {010}, {011}, {021}, and {110}. An average of meas- 
urements made upon three crystals gave as axial ratios a:b:c = 
0.433:1:0.511. The 8 compound crystallizes as monoclinic 
prisms much elongated in the direction of the 2-fold axis. Al- 
though large crystals are readily formed, the faces of most of 
them are too imperfect to permit of accurate goniometric measure- 
ment. An average ofthe interfacial angles measured on two small 
well formed specimens gave 


(100): (101) = 64° 14’ (100): (001) = 57° 43’ 
(001): (101) = 57° 58’ (110): (110) = 77° 34’ 


In terms of these indices the axial ratios become a:b:c = 1.472:1: 
1.387 with 8 = 122° 17’. 
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SUMMARY 


1. Glucuron, the lactone of glucuronic acid, has been acetylated 
with acetic anhydride and pyridine, as well as with acetic an- 
hydride and zine chloride, to yield two isomeric triacetates of 
glucuron. 

2. The isomeric triacetates of glucuron have been separated by 
fractional crystallization and their optical and crystallographic 
properties have been studied. 
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A PRACTICAL METHOD FOR THE SIMULTANEOUS ESTI- 
MATION OF LACTOSE AND GLUCOSE IN URINE 


By ISRAEL 8. KLEINER anp HENRY TAUBER 


(From the Department of Physiology and Physiological Chemistry of the 
New York Homeopathic Medical College and Flower Hospital, 
New York) 


(Received for publication, February 3, 1933) 


At the present time there is no practical method for the quanti- 
tative estimation of lactose and glucose, simultaneously, in urine. 
The fermentation methods heretofore suggested for quantitative 
work are cumbersome, and if bacterial contamination occurs, they 
may give doubtful results. According to Neuberg and associates 
(1) the liberation of CO, by yeast does not necessarily indicate the 
presence of a sugar, since the carboxylase of yeast splits off CO, 
from the carboxyl group of amino acids and related compounds. 
We have, therefore, attempted to adapt our colorimetric method 
for the determination of monosaccharides in the presence of disac- 
charides (2) to urine analysis. In the method a modified Barfoed 
solution, which under certain conditions reacts only to monosac- 
charides, is employed. The Cu,O formed is, as in certain other 
sugar methods, treated with an acid molybdate solution and the 
blue color which results is measured colorimetrically. For its 
application to urine analysis it was first necessary to devise a pro- 
cedure which would free the urine of interfering substances. We 
may mention here that although the Steiner, Urban, and West 
precipitation method (3) yielded suitable filtrates from blood for 
our monose method,' it could not be applied to urine. However 
a treatment with copper sulfate and barium hydroxide was found 
to yield filtrates which were free of pigments, proteins, uric acid, 
etc., and at the same time, the urine is diluted to such an extent 
that other constituents give only minimal interference. We have 
thus ruled out the factors which were responsible for the inappli- 

1 We should have stated in our earlier paper (2) that traces of barium, 
which are likely to occur in filtrates obtained by this precipitation method, 
do not interfere with the monose reagent. 
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cability of Barfoed solution to urine. In general, the procedure 
consists in determining the total reducing power and the monose 
content of the filtrate mentioned above. The difference between 
the two figures represents the lactose present. For total reduction 
we have found Benedict’s new alkaline copper reagent (4), which 
he has devised for true blood sugar determination, to be suitable. 
Since the amount of reducing sugars in such diluted filtrates is 
very small, the Cu,O formed must be treated with a color reagent 
(acid molybdate solution) in order to make either qualitative or 
quantitative determination. 


Solutions 

Cupric Sulfate—A 4 per cent solution (CuSO,-5H,0, Mallinck- 
rodt, c.P.). 

Barium Hydroxide—A 1 per cent solution (crystals, purified, 
J. T. Baker). 

Monose Reagent—This reagent is the same as the one previ- 
ously described (2) except that 5 drops of 1 per cent sodium bisul- 
fite are added to each 25 cc. of reagent just before it is used. The 
reagent itself has been found to keep at least for 1 year. The 
addition of the bisulfite permits the determination of ‘‘traces’’ of 
glucose. 

Sodium Bisulfite—A 1 per cent solution. 

Benedict Color Reagent—This reagent (4) is used in the deter- 
mination of both the monose and total sugar. 

Glucose Standard—Two standards containing 0.2 and 0.4 mg. 
per 2 cc. respectively are used. A 1 per cent stock solution, pre- 
served with a heavy layer of toluene and kept in a refrigerator, 
may be employed. 

Alkaline Copper Reagent—See Benedict’s original paper (4). 
Add, before use, 1 ec. of the 1 per cent sodium bisulfite solution to 
each 20 cc. of reagent as directed by Benedict. 


Procedure 


To 1 ce. of urine? in an accurately graduated 20 cc. cylinder add 
1 cc. of copper sulfate solution. Mix and add enough Ba(OH). 


? Because of the possible interference of large amounts of chlorides, 
concentrated urines should be diluted so that the specific gravity does not 


exceed 1.025. 
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solution to make the fluid faintly alkaline to litmus (approx- 
imately pH 7.5 to 8.0); 5 ce. are usually sufficient. Add water 
to make a total volume of 20 ce. Mix and filter. If a water- 
clear filtrate is not obtained immediately, refilter. If a faint 
opalescence persists, the results will not be affected. The trace 
of Ba present need not be removed for either of the two deter- 
minations to follow. Pipette 2 cc. of this filtrate into a Folin- 
Wu sugar tube. Prepare two similar tubes for standards, one of 
which should contain 0.2 mg. of glucose in 2 ce. and the other 0.4 
mg. of glucose in 2cc. Add 2 cc. of our monose reagent to each of 
the three tubes and heat in boiling water for 8 minutes and cool 


TABLE I 
Showing Urinary Glucose Determinations by Both Methods 
Urinary glucose 
Sample No. 
Benedict method Monose method 
per cent per cent 
1 0.07 0.06 
2 0.06 0.06 
3 0.05 0.04 
4 0.09 0.09 
5 0.18 0.16 
6 0.24 0.22 
7 0.58 0.56 


Samples 5, 6, and 7 fermented rapidly. Sample 7 was a urine of an 
obstetric case. 


for 2 minutes. (A slight turbidity does not interfere with the 
test.) Run another set with Benedict alkaline copper reagent 
simultaneously, with the same aniounts of filtrate, standards, and 
reagent, boiling for 6 minutes and cooling for 2 minutes. Add 2 
ec. of color reagent to each of the tubes in both sets and mix the 
contents. Allow to stand for 2 minutes and dilute with water 
to the 25 cc. mark. Mix thoroughly and make colorimetric com- 
parison. If the color is too dark the determination must be 
repeated with diluted urine for the Cu-Ba precipitation. 

With this procedure the monose method yields glucose values 
which, as seen in Table I, correspond fairly closely with values 
obtained by the Benedict method. In a long series of such deter- 
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minations it was found that slightly higher figures were frequently 
obtained in the case of the Benedict method, and a correction of 
0.02 per cent would be necessary in most cases and would not 
subject the others to grave error. Furthermore, it was found that 
in the range of lactose to be expected in urine, the figure obtained 
must be multiplied by a factor, 2.2, to get true lactose values. 
Therefore, to obtain lactose values, the figure obtained by the 
monose method plus 0.02 per cent must be subtracted from the 
total reduction (Benedict) and the result must be multiplied by 
2.2. If the monose figure plus 0.02 per cent is about the same as 
the total figure, there is no lactose in the urine. 


Calculation 
(A) Total reduction = 


Standard 20 (i.e. degree of dilution) 
Unknown “* 200 (or 100 with strong standard) 


(B) Monose reduction = 


Standard 20 (i.e. degree of dilution) 
Unknown ‘~ 200 (or 100 with strong standard) 


+ 0.02 per cent 


(C) Per cent lactose = (A — B) X 2.2 


Table I includes a few typical experiments showing the close 
agreement between the monose method and the new Benedict 
method when applied to urines containing no lactose. As stated 
above the usual difference is about 0.02 per cent. If this figure 
is added to the monose result and comparison with the total reduc- 
tion figure gives results within 0.02 per cent of each other, no 
lactose is present. In Table II is shown the recovery of added 
lactose to pathological urines. The results are almost theoretical. 
Table III gives typical values obtained in obstetric urines by this 
method. It is seen that some urines contained no glucose but 
appreciable amounts of lactose, while the others contained varying 
amounts of both sugars. 

Since in a considerable number of obstetric cases lactose may be 
found in the urine and the diagnosis of possible diabetes in such 
cases is of great importance, the value of the method described is 
obvious. 
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TABLE II 
Showing Recovery of Added Lactose to Pathological Urines 
Lactose 
Glucose present 

Added Recovered 

per cent per cent per cent 
0.18 0.10 0.11 
0.18 0.10 0.10 
0.11 0.20 0.19 
0.11 0.20 0.19 
0.13 0.43 0.43 
0.13 0.43 0.42 
0.16 0.65 0.65 
0.16 0.65 0.63 


TABLE III 


Showing Simultaneous Lactose and Glucose Determinations in Obstetric 


Urines by New Method 


Sample No. Glucose obtained by monose 23) 
per cent per cent 
1 None 0.14 
2 “ 0.16 
3 “ 0.17 
4 0.05 0.13 
5 0.04 0.23 
6 0.05 0.33 
7 0.11 0.47 


Samples 1, 2, and 3 did not ferment within 4 hours at 37° with Fleisch- 
mann’s yeast. The others showed only slight gas formation when com- 
pared to diabetic urines with similar ‘‘total reduction.” 


SUMMARY 


A new colorimetric method for the quantitative determination 
of lactose and glucose in urine has been described. The method 
is rapid, simple, and convenient. 


We are greatly indebted to Drs. L. F. Cocheu and A. D. Stan- 
ford and to Miss R. Neuwirth of the department of Clinical 
Pathology for supplying us with various specimens. We also wish 
to thank Mr. L. Abramowitz for technical assistance. 
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SALT ECONOMY IN EXTREME DRY HEAT 


By D. B. DILL, B. F. JONES, H. T. EDWARDS, anv S. A. OBERG 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, March 8, 1933) 


Man’s daily intake of sodium chloride is 10 or 15 gm., say 200 
milli-equivalents, and ordinarily the urinary output is nearly as 
great. Another avenue of elimination is opened when the sweat 
glands become active. They secrete a hypotonic solution con- 
taining sodium and potassium chlorides and low concentrations 
of lactic acid, urea, and other substances. The composition of 
sweat is not uniform, however, but varies with the environment, 
both internal and external. The evidence that its composition 
depends on the internal environment is not difficult to find. As 
long ago as 1851 Schottin (1) identified crystals of urea on the 
skin in cases of Asiatic cholera. Normally the concentration of 
urea in sweat is so low that the crystals are not readily observed. 
It is not so well recognized that the composition of sweat depends 
on the external environment. It is our purpose to describe the 
functioning of the sweat glands during prolonged exposure to 
extreme dry heat. The fact that under such conditions sweat is 
unusually dilute signifies an adaptive response by the organism, 
the mechanism of which remains obscure. 

Various methods are used in collecting sweat. It may be col- 
lected from isolated areas by use of a fabric impervious to water 
and dissolved substances. However, such samples may not be 
representative, for Kittsteiner (2) has shown that the ratio of salt 
concentration in sweat samples from the face, the arms, and the 
axilla is 8:4:2. A second method, applicable only in rest, con- 
sists in enclosing the entire body, excepting the head, in a suitable 
fabric and collecting the sweat without dilution or evaporation. 
Sweat may be washed from woolen garments and its true volume 
estimated from loss of body weight. Such a method has been 
used successfully by Berry (3) and by Snapper and Griinbaum (4) 
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but it is impractical for continuous observations in a hot climate. 
In a fourth method, with the subject in an atmosphere saturated 
with water, the sweat is collected in drip pans and analyzed 
directly. This procedure can be used in work but is impractical 
outside the laboratory. 

None of these methods was suitable for our purposes since we 
wished to study day to day changes in the composition of sweat 
while the subjects were carrying on their usual activities. A fifth 
method, not often used, proved most suitable for our purposes. 
Each of three subjects, B. F. J., H. T. E., and 8. A. O., were ona 
constant diet for 10 days at a moderate temperature at La Jolla, 
California. Then they came to our temporary desert laboratory 
at Boulder City, Nevada, continuing on the same diet for several 
days. The normal urinary output of significant substances was 
established at La Jolla. At Boulder City the decrement in 
urinary output of these substances due presumably to sweating 
was ascertained, the sweat volume was estimated from water 
intake and urine volume, and the concentrations in sweat could 
then be calculated. The degree of accuracy depends on (a) the 
constancy of the diet, (b) the volume of sweat, and (c) the duration 
of the experiment. The diets adopted by the three subjects 
differed somewhat in quantitative relationships, in order to suit 
them to the individual taste. The basic diet consisted of weighed 
portions of eggs, beefsteak, potatoes, all weighed after cooking, 
canned vegetables and fruits, lettuce, bread, butter, ice cream, 
and afew minor items. The same brand of each product was used 
throughout. A simpler diet, although possibly of greater con- 
stancy, might have become too unpleasant to continue for as long 
as desired. 

The schedule followed requires only brief mention since the 
details are apparent from TablesI to III. H. T. E. continued on 
his diet at Boulder City for 10 days and his place was then taken 
by D. B. D. on the diet of 8. A.O. A week later B. F. J. and 
S. A. O. were replaced by W. C. and F. C. and for the last 8 days, 
from July 25 to August 1, these two and D. B. D. were all on the 
same diet, essentially that of S. A.O.! The assumption is made 
that these three subjects would have had, in the absence of sweat- 

1 Their diet differed from that of S. A. O. in that its content of cooked 
steak was 100 gm. less. See foot-note 2. 
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ing, urinary outputs of the significant constituents identical with 
those of S. A.O. This approximation is justified because of the 
large volumes of sweat and of the considerable deficits of signifi- 
cant substances in the urine. 

TABLE I 
Water Exchange and Urine Constituents of Subject S. A. O. 
Urinary output 
Period 
liters | liters | m.-eq. | m.-eq. | m.-eg. | gm. gm. 
La Jolla 
June 25-30, mean........ 1.92 | 1.19 | 206 | 182 | 88 | 17.2| 1.15 
2.01 | 1.10 | 204 | 194 | 91 | 18.8 | 1.25 
Boulder City 
4.99 | 0.74 | 144 | 109 | 106 | 13.5 | 0.88 
6.04 | 0.83 | 164 | 149 | 97 | 15.3 | 1.21 
6.88 | 0.88 | 175 | 168 90 | 17.0 | 1.26 
6.61 | 0.83 | 152 | 147 76 | 18.0 | 1.24 
5.12 | 0.91 | 178 | 185 66 | 17.1 | 1.26 
4.74 | 0.96 | 207 | 202 | 68 | 16.7 | 1.27 
3.26 | 0.86 | 166 | 175 | 70 | 14.2} 1.20 
4.36 | 1.03 | 228 | 214 | 67 | 17.1 | 1.33 
4.41 | 0.97 | 178 | 176 | 89 | 1.29 
4.89 | 1.02; 190 | 190 | 94 | 18.8 | 1.25 
(| SE ce 5.05 | 0.93 | 180 | 173 | 82 | 18.8/ 1.19 
7.33 | 0.89 | 166 | 152 90 | 16.2 | 1.42 
5.31 | 0.97 | 159 | 157 71 =| 18.4) 1.24 
a (Pee 5.98 | 1.03 | 204 | 200 82 | 17.8 | 1.27 
FE xanbidhenseasers 5.51 | 1.08 | 193 | 200 | 82 | 18.4) 1.44 
6.26 | 0.99 | 168 | 173 74 | 17.4] 1.33 
5.51 | 1.01 | 175 | 166 | 80 | 18.9 | 1.37 
8.97 | 0.97 | 137 | 147 | 89 | 18.0-| 1.32 
8.96 | 0.90 | 104 | 132 74 | 16.7 | 1.33 
4.06 | 0.89 | 128 | 137 55 | 17.2 | 1.43 
July 5-24, mean........... 5.71 | 0.93 | 170 | 168 80 | 17.2 | 1.28 
“5-24, estimated daily 
output in urine and 
212 | 200 | 94 | 18.8} 1.25 
It is inconvenient to present all the results in detail. We have 
chosen to present a daily record for two subjects, S. A. O. and 
D. B. D. The former continued longest with no alteration in 
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diet and his daily record has additional interest because his sweat 
was most dilute. The record of D. B. D. is presented in detail 
because his sweat was most concentrated and greatest in volume, 
particularly during the lst week. Both records contain evidence 
of acclimatization which will be referred to below. Table I con- 
tains the observations on §. A. O., Table II, on D. B. D., and 
Table III, the summarized results on the other subjects. 


TABLE Il 
Water Exchange and Urine Constituents of Subject D. B. D. at Boulder City 
w ater Urinary output 
Water | Chloride | Sodium |Potassium 
liters liters m.-eq. m.-eq. m.-eq. 

6.51 0.72 10 15 97 
9.21 1.13 22 33 85 
8.16 0.85 20 23 89 
7.96 0.78 14 21 80 
4.91 0.79 51 79 66 
7.11 0.92 140 123 99 
5.11 0.94 109 144 72 

Estimated daily output in urine and sweat 


Methods of interpreting the data require some explanation. 
The water of foods and of combustion is not included in the stated 
water intake and this is too small by about 1 liter per day on this 
account. On the other hand, there are various losses such as the 
insensible perspiration, amounting to 700 to 800 cc. daily; the 
water in expired air, about 100 cc. daily; and the water in feces, 
from 100 to 200 cc. daily. If these values are correct, the water 
content of foods and that produced by their combustion approxi- 
mately equal the water output by other channels than through 
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TABLE III 
Water Exchange and Urine Constituents 


eis Urinary output 
Subject Period 
intake | water |chloride | Sodium | Potas- my 
liters liters m.-eq. | m.-eg.| gm. 
B. F. J. | La Jolla 
June 25-30 1.85 | 1.85 | 252 242 90 | 14.9 
July 1-4 1.98 | 1.71 | 269 258 86 | 17.4 
Boulder City 
July 5-7 5.67 | 0.95 | 185 178 85 | 14.7 
“« 8-10 4.16 | 1.23 240 239 85 | 16.4 
“ 1-13 3.08 | 1.42 | 268 273 84 | 17.1 
“14-16 3.85 | 1.17 | 230 224 | 101 | 17.7 
“ 17-20 4.22 | 1.15 | 260 264 84 | 16.8 
“ 21-24* 5.30 | 1.20 | 158 165 74 (17.1 
Estimated daily output in urine and sweat 
(eae 273 264 86 | 17.4 
H. T. E. | La Jolla 
June 25-30 1.55 | 1.18 260 250 70 
July 1-4 1.75 | 1.10 240 235 
Boulder City 

July 5-7 5.50 | 0.68 | 158 140 74 

« 8-10 4.14 | 0.77 | 202 198 67 

“11-14 3.20 | 0.78 | 217 213 66 


Ww. Cc. July 25-28 5.51 | 0.85 | 132 | 117 | 76 
“ 29-Aug.1 | 4.66 | 0.85 | 140 | 116 | 79 

F.C. July 25-28 5.75 | 0.78 | 148 | 148 | 65 
“" 29-Aug.1-| 5.25 | 1.02 | 148 | 137 | 87 


Estimated daily output in urine and sweat 
for F. C. and W. C., July 25-Aug. 1....| 208 195 83 


* B. F. J. eliminated 5 gm. (85 milli-equivalents) of sodium chloride from 
his diet for the period July 21-24. 

t Upon arrival at Boulder City, H. T. E. found it impossible to continue 
with a large meat intake. He eliminated 200 gm. of cooked steak from his 
diet. The estimated outputs of sodium, potassium, and chloride have been 
corrected accordingly, Sherman’s tables (5) being used. 
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the kidney and sweat glands. Hence in Tables I to III the differ- 
ence between the second and third columns corresponds to the 
sweat volume, provided body weight is constant. Body weights 


TABLE IV 
Composition of Sweat 
July July july July July July Joly July 
Aug. 1 
Subject 8. A. O. Subject W. C. 
Weight change, kg.......... 0.2|-0.2| 0.4\-0.2! 0.6 
Mean daily sweat volume, 
5.2) 4.5| 3.1) 4.7) 4.8) 5.8) 4.7) 3.7 
Sweat Cl, m.-eq. per l...... 10 7 7 7 6 |} 13 | 17 | 19 
Na ll 5 4 6 4 |10 | 17 | 22 
- <1 5 6 1 3 2 2 
Subject B. F. J. Subject F. C 
Weight change, kg......... -1.1] 0.6 |-0. 0.4 0.2|-0.5|-0.7| 0.2 
Mean daily sweat volume, 
5.1) 2.7% 1.8) 2.7) 3.0) 4.3) 5.2) 4.2 
Sweat Cl, m.-eq. per l...... 17 | 12 3 | 16 4 7 |12 | 15 
Na 17 9 {<1 3 9 | 14 
Subject H. T. E. Subject D. B. D. 
Weight change, kg......... —0.1) 0.3} 0. —1.6| 1.6) 
Mean daily sweat volume, 
Sweat Ci, m.-eq. per l...... 18 | 14 12 26 | 27 | 15 
Na 20 | 12 10 23 | 24 | 12 | 13 


* As suggested in the text the output of sweat by B. F. J. during the 
period July 8-20 was so small that our method of estimating its composition 
is liable to give inaccurate results. When the losses in sweat are but a 
small fraction of the intake a slight retention of salt or a slight lack of uni- 
formity in the diet may be sources of large errors. 


were observed daily and these are taken into account as shown in 
Table IV in calculating volume of sweat. 

The average urinary output figures during the last 4 days of 
the control period are used in calculating the concentration of sub- 
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stances in sweat. It will be noted, however, in Tables I and III, 
that each of the three subjects excreted some sweat at La Jolla. 
On the assumption that its composition was the same as that pro- 
duced at Boulder City, the total daily output of chloride, sodium, 
and potassium in urine and sweat during the period at Boulder 
City has been calculated and is shown for each individual.? 

The data of Tables I to III and the changes in body weight have 
been used to calculate the composition of sweat. The results for 
the six subjects are shown in Table IV. It appears that under the 
conditions of our experiments sweat is much more dilute than is 
commonly supposed. In very few cases is the concentration of 
chloride greater than 20 milli-equivalents. In contrast with this 
result, Fishberg and Bierman (6) have found from 70 to 85 milli- 
equivalents of sodium chloride and high concentrations of lactate. 
There are many other observations substantiating their results. 
We may refer, for example, to the results of Talbert and Haugen 
(7) who found from 70 to 140 milli-equivalents, and of Adolph 
(8) who found as much as 70 milli-equivalents. Hancock, White- 
house, and Haldane (9) found from 21 to 64 milli-equivalents in 
five normal subjects at rest. The subject with the lowest chloride 
output had the highest potassium output. Moss (10) collected 
the sweat as it dripped from subjects working in an atmosphere 
saturated with water vapor and in twenty-three experiments on 
three subjects found from 20 to 56 milli-equivalents of chloride. 
There are, on the other hand, some records in the literature show- 
ing lower ranges of salt concentration than those referred to 


? An example may be given in the case of S.A.O. His mean daily output 
of chloride during the last 4 days at La Jolla was 204 milli-equivalents 
with a sweat volume of 0.91 liters. At Boulder City the mean output was 
170 milli-equivalents with a sweat volume of 4.78 liters. An increment of 
3.87 liters of sweat is accompanied by a deficiency of 34 milli-equivalents 
of Cl, equivalent to 8.8 milli-equivalents per liter. Hence the 0.91 liters of 
sweat at La Jolla contained 8 milli-equivalents of Cl and the estimated 
daily output in urine and sweat is 204 + 8 or 212 milli-equivalents. 

For the period July 18 to 24 D. B. D. was on the diet of 8S. A.O. For the 
period July 25 to August 1, W. C., F. C., and D. B. D. were on the diet of 
8. A. O. except that 100 gm. of cooked steak were eliminated. The steak 
was assumed to have the composition given in Sherman’s tables (5) and the 
intake has been corrected accordingly. In these calculations it is assumed 
that losses of significant substances in the feces were constant. Since there 
was no diarrhea this assumption is reasonable. 
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above. Thus Whitehouse (11) in 73 observations on one indi- 
vidual found values ranging from 9 to 43 milli-equivalents with a 
mean of 25. Berry (3) found in nine of eleven experiments con- 
centrations of from 17 to 28 milli-equivalents. 

It is a safe inference that when profuse sweating occurs day 
after day the concentration of salt in sweat cannot remain as high 
as some investigators have found in laboratory experiments. 
Hunt (12) records that white men working day after day in dry 
heat in India had a daily water intake of 3 gallons (13.6 liters) 
while the urine secretion was “by no means free.’”” After return- 
ing to England, Hunt collected sweat samples in a cabinet satu- 
rated at about 35° and found quite a constant percentage of chlo- 
ride, from 31 to 34 milli-equivalents, independently of duration of 
sweating and of other conditions. Assuming the same composi- 
tion of sweat in his Indian experiments, the daily salt intake would 
have had to exceed 25 gm. Such a high figure is most improb- 
able. But a concentration in sweat as great as that reported by 
Fishberg and Bierman would have called for a salt intake of 60 
gm. per day, an incredible amount. 

We do not have sufficient information to explain why sweat 
collected by usual methods is more concentrated than that secreted 
normally by subjects acclimatized to high temperature. There 
is good evidence, however, that the difference is in part related to 
the method of collection, apart from the influence of acclimatiza- 
tion. Thus we collected sweat frequently while playing tennis 
during the summer by the simple expedient of wearing a rubber 
glove on the left hand. In this way it is possible to collect from 
10 to 50 cc. per hour on a hot day. Such sweat samples had a 
composition similar to those collected by Fishberg and Bierman. 
Their sodium chloride concentration ranged from 50 to 80 milli- 
equivalents and their lactic acid concentration from 20 to 30 milli- 
equivalents at a time when the blood lactic acid was no more than 
2 or 3 milli-equivalents. Also the urea concentration was from 
2 to 5 times that in serum. Furthermore, individual differ- 
ences were observed, parallel more or less to those shown in Table 
IV. With the reservation that sweat from the hand may be more 
concentrated than sweat from other portions of the body, this 
evidence strengthens the suggestion advanced above that the 
composition of sweat depends upon the method used in collecting 
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it. The secretion of a concentrated sweat appears to be favored 
when the body is in a hot environment with restricted opportunity 
for evaporation, such as is commonly the case in laboratory 
methods of collecting samples. 

There is good evidence that, in the process of acclimatization 
to high temperature, the concentration of salt in sweat decreases. 
Four subjects may be considered: the three members of the party 
coming from La Jolla and D. B. D. who began the diet imme- 
diately after a 4 day stay in California. InS. A. O. there appears 
to be a rapid adaptation, for only during the 1st day at Boulder 
City (Table I) was there a large salt deficit in the urine. When 
the first period at Boulder City is compared with the last (Table 
IV), three of the four subjects show a decrease in chloride concen- 
tration, the mean values for the four dropping from 18 to 12 
milli-equivalents. 

The evidence for a decreasing salt concentration with acclimati- 
zation is complicated by other variables not subject to control. 
Variation in day to day activities and in prevailing temperature 
resulted in large fluctuations in daily sweat volume. In one case, 
that of B. F. J. from July 11 to 20 (Table IV), the volume of sweat 
was so small that improbable values were obtained for its compo- 
sition. The most accurate estimates of sweat composition are on 
those having the largest sweat volume, D. B. D. and 8. A. O. 

In these subjects there appears to be an increase in concentra- 
tion of dissolved substances with increase in volume of sweat. 
This is possibly in part due to an inadequate allowance for insen- 
sible perspiration. The suggestion has been made by Loewy (13) 
and by Benedict and Root (14) that the volume of insensible 
perspiration increases somewhat with external temperature but 
the evidence on this question seems to be inconclusive for Richard- 
son (15) found no such-increase in a subject having no sweat 
glands. 

Mechanisms for controlling the salt concentration in sweat 
remain obscure. The belief that the skin acts as a depot for salt 
is suggestive; perhaps the product of sweat gland activity is influ- 
enced by the concentration of salt in the skin. It is possible that 
the presence on the skin of a saturated salt solution, such as com- 
monly exists during sweating in dry heat, results in enough back 
pressure on the sweat glands to modify their activity. This could 
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be tested by experiment. We do know that the low salt concen- 
tration in sweat in extreme dry heat is not related to properties of 
the blood for, as we have shown elsewhere (16), no matter how 
profuse the sweating, so long as salt is being put out in the urine, 
the serum chloride level remains within the normal range. 

There is no doubt that large individual differences exist. If 
comparison is made after acclimatization and when the daily 
sweat volumes were similar, it is seen that the concentration of 
sodium chloride in the sweat of D. B. D. was twice that of 8. A. O. 
This difference bore no relation to the properties of the blood nor 
to difference in activity. There are differences in potassium con- 
centration also. In subject S. A. O., as in one of the subjects 
studied by Hancock, Whitehouse, and Haldane (9), a low concen- 
tration of chloride is associated with a relatively high ratio of 
potassium to sodium. Subject 8. A. O. put out one-half as much 
potassium as sodium while none of the others put out more than 
one-fifth as much and some practically no potassium. The 
sweat of all subjects for the entire period had the following mean 
composition, in milli-equivalents: Cl 14, Na 14, and K 2. This 
leaves a deficit of anions of 2 milli-equivalents. As Fishberg 
and Bierman have shown that one-half the lactate may be free, 
this makes possible a maximum lactic acid concentration of 4 
milli-equivalents. In an average day’s work with a sweat volume 
of 5 liters this would amount to a total lactic acid excretion of 180 
mg., an insignificant amount.* 


3 The assumption has been made by Fishberg and Bierman (6) and also 
elsewhere (17) that exercise involves an increased lactic acid concentration 
in the blood and that any mechanism for excreting lactic acid is advan- 
tageous. However, it has been shown (18) that lactic acid concentration 
of blood does not increase significantly as a result of ordinary activities nor 
does it increase much during profuse sweating, provided the body tempera- 
ture is not much elevated (19). Increase occurs with extreme body tem- 
peratures or during work so intense that it cannot be continued more than 
ashort time. 2or3 minutes work to complete exhaustion may result in the 
accumulation of from 50 to 100 gm. of lactic acid and about 1 hour is re- 
quired for its removal. The production during the recovery period of 2 
liters of sweat containing 60 milli-equivalents of lactic acid would account 
for no more than 10 per cent of the total acid production. Lactic acid 
formation must be looked upon as an emergency mechanism and its removal 
must be accomplished principally by resynthesis to its precursor and by 
oxidation. 
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Finally we have in Table I data on nitrogen and phosphorus 
excretion in subject S. A. O., which may be of some interest. 
Taken as a whole there is deficiency of 1.6 gm. of nitrogen per day 
and no significant deficiency of phosphorus except on the Ist day 
at Boulder City. Of the total nitrogen deficiency, 32 gm. in 20 
days, 8.8 gm. or more than one-fourth was accumulated in the 
first 2 days at Boulder City. Here again is evidence of acclimati- 
zation. 

Certain practical considerations arise from this study. It is 
probable that the salt losses in sweat are maximal during the first 
few days in a hot environment. During this time activity should 
be somewhat restricted and the salt intake should be liberal. 
The same attention should be paid to salt intake after a short 
absence from a hot environment since the adaptation seems to be 
lost rapidly. The existence of large individual differences in salt 
concentration of sweat means that some individuals are more 
subject to heat cramps than others. Our studies indicate that a 
salt intake of 15 gm. per day is adequate except under most severe 
conditions and before acclimatization has occurred. 

It must not be concluded from this study that an adequate 
supply of salt gives immunity to high temperature. There is a 
limit to the capacity of the body for dissipating heat and, as shown 
elsewhere (20), wnen this is surpassed breakdown may occur from 
causes quite independent of the salt supply. 


SUMMARY 


The composition of sweat produced in extreme dry heat has 
been studied. While laboratory examination of sweat may indi- 
cate a salt concentration nearly as great as in serum, such high 
concentrations are not maintained in profuse and continued sweat- 
ing. Our results indicate that there is an adaptive response on the 
part of the organism, the concentration of salt in sweat decreasing 
after the first days in the hot environment. After adaptation, 
sweat contains about 15 milli-equivalents of NaCl although one 
of the six individuals studied put out sweat with half this concen- 
tration. 

The one proved function of sweat in normal man is its part in 
temperature regulation. There would be no disadvantage to the 
organism if sweat were free of dissolved electrolytes since the 
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kidneys and the lungs are quite able to maintain the normal acid- 
base equilibrium. The sweat glands may upset this equilibrium 
disastrously, heat cramps occurring from loss of salt. However, 
such an event is uncommon; if there has been an opportunity for 
acclimatization the product of the sweat glands is so dilute that 
10 liters per day may be secreted without the necessity of an 
abnormal salt intake. 


We are indebted to W. V. Consolazio and F. C. Consolazio for 
technical assistance and for their cooperation as experimental 
subjects. For the privilege of carrying on our experiments at 
Boulder City we thank the officers of the United States Bureau 
of Reclamation and of Six Companies, Inc., general contractors 
for the Hoover dam. The control period was spent at the Scripps 
Metabolic Clinic, La Jolla, California. For laboratory accommo- 
dations there we are indebted to Dr. J. W. Sherrill and Dr. Eaton 
M. MacKay. Miss Helen B. Anderson, dietitian of the clinic, 
helped us in arranging the diets. 

Sodium and potassium were determined by familiar gravimetric 
methods (21) after removing interfering substances with Schaff- 
gottsche reagent (22). Chloride was determined by the Volhard- 
Arnold method (23), nitrogen, by macro-Kjeldahl, and inorganic 
phosphorus, by the Fiske-Subbarow method (24). 
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CONFIGURATIONAL RELATIONSHIP OF HYDROCARBONS 


V. OPTICAL ROTATIONS OF HYDROCARBONS OF THE 
ISOPROPYL SERIES 


By P. A. LEVENE anv R. E. MARKER 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 21, 1933) 


It has been established in this laboratory that in the case of 
secondary carbinols and of the simple aliphatic hydrocarbons in 
which all substituents on the asymmetric carbon atom belong to 
the series of the normal alkyls, the direction of rotation depends 
upon the respective position of the heaviest alkyl group. Thus 
in the secondary carbinols of the type 


the rotation was to the right when the group Rz was the heavier. 
However, if R; is an isopropyl group, then the direction of rotation 
is influenced very little by the weight of group R;; it changes when 
R, passes from CH; to C,Hs, but in all subsequent members the 
rotations remain unchanged whether R, is lighter or heavier than 
the isopropy' -roup. In the case of the isobutyl series, all mem- 
bers remain ui the same sign irrespective of the weight of R» so 
long as it remains a normal alkyl group. This case then is analo- 
gous to that of a-hydroxy acids of the type 


COOH 
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in which the direction of rotation is independent of the weight of 


the normal alkyl group. 
In the present communication data are presented showing that 


in the homologous series of hydrocarbons of the type 


CH, CH, 
wal 
CH 


| 
H—C—CH, 


| 
R 
the direction of rotation is independent of the weight of the alkyl 


group. 
In a previous communication! the direction of the rotation of 


the hydrocarbon 


CH, CH; 


was compared with that of 


H—C—CH,; 


| 


The two were found to be of opposite sign of rotation. Two higher 
members of the same series of hydrocarbons have now been pre- 


Each of the three hydrocarbons was correlated to the corre- 
sponding disubstituted acetic acid belonging to the same homolo- 
gous series. The first member, as already stated, was correlated 
to methylethylpropylmethane which, in its turn, had been pre- 
viously correlated to methylethylacetic acid. The two new 


1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 91, 405 (1931). 
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hydrocarbons were prepared directly from the corresponding 
disubstituted acetic acids by the following set of reactions. 


CH; CH; CH; CH; 
| 


* The configuration given here is arbitrary. 


Thus the three hydrocarbons belong to one homologous series. 

In the highest member the weight of the higher alkyl radicle 
(n-heptyl) is more than double the weight of the isopropyl radicle, 
yet the direction of its rotation remains the same as in the lowest 
member. Thus it follows that in the members of this homologous 
series of hydrocarbons the direction of rotation is independent of 
the weight of the highest alkyl group. 

The values of the rotations of the hydrocarbons of the n-propyl 
series and of the corresponding isopropy] series are given in Table I. 


EXPERIMENTAL 


Levo-2 ,3-Dimethyldecane—A Grignard reagent was prepared 
from 8 gm. of magnesium in dry ether and 50 gm. of methyl iodide. 
To this reagent were added 25 gm. of the ethyl ester of methyl- 
heptylacetic acid, [M]> = +17.36° (homogeneous). The Grig- 
nard solution was poured onto ice and ammonium chloride, and 
the carbinol extracted with ether. It was not distilled but dehy- 
drated immediately with oxalic acid. The unsaturated hydro- 
carbon boiled at 101—105° at 20 mm. 


“Ip ™1 X 0.772 


The unsaturated hydrocarbon was dissolved in 20 ce. of glacial 
acetic acid, in which was suspended 0.2 gm. of platinic oxide, and 
reduced by shaking with hydrogen under a pressure of 25 pounds 


= +0.33°; [M]> = +0.55° (homogeneous) 
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R* R R a 
CH, CH: CH, CH, a 
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per sq. inch. The product was poured into sodium carbonate 
solution and the hydrocarbon separated. It was shaken consecu- 
tively with concentrated sulfuric acid, water, and sodium carbon- 


TABLE I 
Comparison of Configuration of n-Propyl Hydrocarbons with That of Iso- 
propyl Hydrocarbons.* (Homogeneous) 


CH:;t 


H—C—C;H; (n) 


(n) C7His (n) C.H, (n) 
—27.3 +1.1t +1.7 


* All values maximum except those marked f. 
t Levene, P. A., and Marker, R. E., J. Biol. Chem., 91, 405 (1931). 


ate solution until neutral and then distilled from sodium metal. 
B.p. 112° at 20 mm. 


= —0.30°; [M]} = —0.51° (homogeneous) 


[a]; = 2 


3.439 mg. substance: 10.665 mg. CO, and 4.800 mg. H,O 
CiwHos. Calculated. C 84.6, H 15.4 
Found. “ 84.6, “ 15.6 


Levo-Methyl-n-Propylisopropylmethane—50 gm. of the ethyl 
ester of methyl-n-propylacetic acid, [M]? = +5.28° (homogene- 


| 

| 

| 

| 

H—C—COOH H—C—C,H; (n) 

6 5 5 

—18.0 +26.4 -9.9 

CH, CH, CH, 

| | 

H H H—C—C,H; (n) 

| Lage | 

i —21.4 +5.5t 0 

| CH; CH; CH; CH; 
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ous), were added to 1 mol of methyl magnesium iodide in 500 
cc. of dry ether. The product was poured onto a mixture of ice 
and ammonium chloride. The ethereal solution was dried and the 
ether removed by distillation. The residue was distilled three 
times from 25 gm. of oxalic acid, the water being separated each 
time. The final distillate was dried, then refluxed with sodium, 
and finally distilled. Yield 19 gm. of unsaturated hydrocarbon. 

The unsaturated hydrocarbon was reduced by shaking with 
platinie oxide catalyst in glacial acetic acid under hydrogen at a 
pressure of 30 pounds per sq. inch. The product was filtered and 
freed from acid by shaking with sodium carbonate solution. The 
hydrocarbon was purified by shaking consecutively with cold 
concentrated sulfuric acid and sodium carbonate solution. It 
was then washed with water, dried, and distilled from sodium. 
B.p. 113-114° at 760 mm. 


= —0.65° 
1 x 0.705 


—0.92°; [M]> = —1.05° (homogeneous) 


4.290 mg. substance: 13.210 mg. CO, and 6.115 mg. H,O 
CsHis. Calculated. C 84.1, H 15.9 
Found. 84.0, 15.9 
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THE CYSTINE CONTENT OF HUMAN SERUM PROTEINS 


By L. R. TUCHMAN anp MIRIAM REINER 
(From the Laboratories of the Mount Sinai Hospital, New York) 
(Received for publication, March 14, 1933) 


The percentage of individual amino acids in serum globulin and 
serum albumin is of interest both for the elucidation of protein 
structure and as an analytical criterion. A number of color tests 
have been proposed for the estimation of tryptophane, tyrosine, 
and cystine. Although the majority of these tests is not abso- 
lutely specific, they have been proved expedient and useful in the 
determination of various proteins. 

The methods for the determinations of the albumin-globulin 
ratio can be classified into direct and indirect. In the direct 
methods, the albumin and globulin are actually separated by pre- 
cipitation. The fractions are analyzed for one individual amino 
acid, the percentage of which is assumed to be constant and 
characteristic for each fraction. 

Since the color tests can only be carried out on solutions, it is 
usually convenient to determine the amino acids in the total serum 
and in the albumin and to obtain the amount in the globulin 
fraction by subtraction. This method has been used by Wu 
(1922) for the estimation of serum proteins by their tyrosine 
content. 

Indirect methods, in which separation of albumin and globulin 
is avoided, may be based on the coordination of two procedures: 
e.g., determination of nitrogen and refractive index, or of tyrosine 
and cystine content of the total serum protein. Such combina- 
tions could serve as a basis for the computation of the albumin- 
globulin ratio, provided that the two analytical features differed 
widely enough in their distribution between the two fractions. 
The accuracy of such methods is impaired by the wider range of 
error inherent in indirect methods; the accuracy of both direct 
and indirect methods will depend on the constancy of the protein 
fraction as to such critical properties. 
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The tryptophane content of serum proteins is subject to great 
variations, according to Lang (1929), and can therefore not be 
applied to an estimation of the albumin-globulin ratio as proposed 
by Fischer (1929). The use of Wu’s color reaction for tyrosine, 
while advantageous in the analysis of normal sera, leads to errone- 
ous conclusions in edematous sera, as pointed out by Tuchman 
and Sobotka (1932) and Sobotka (1932). 


TABLE I 
Cystine in Human Sera with Normal and with Lowered Protein Content 
Sue Protein (Kjeldahl) Cystine Cystine factor 
Total | Albumin | Globulin | Total |Albumin|Globulin| Albumin | Globulin 
per cent | per cent | per cent | per cent | per cent | per cent 
1 7.04 3.67 3.37 4.83 | 5.57 | 4.04 | 17.9 | 24.7 
2 6.67 3.69 3.07 4.91 | 5.33 | 4.40 | 18.7 | 22.7 
3 6.66 3.39 3.27 5.00 | 5.76 | 4.23 | 17.3 | 23.6 
4 7.97 3.75 4.22 4.84 | 6.44) 3.41 | 15.5 | 29.3 
5 7.89 3.25 4.64 4.92 | 6.28 | 3.96 | 15.9 | 25.2 
6 7.12 2.26 4.86 4.27 | 4.82 | 4.01 | 20.7 | 24.9 
7 6.74 3.15 3.59 4.52 | 5.78 | 3.48 | 17.3 | 29.2 
8 5.90 3.25 2.65 5.12 | 7.40 | 2.34 | 13.5 | 42.7 
9 5.35 3.44 1.91 4.62 | 5.52 | 3.60 | 18.1 | 27.7 
10 5.03 3.10 1.93 5.37 | 5.88 | 4.29 | 17.1 | 23.3 
11 4.87 3.00 1.87 5.20 | 5.50 | 4.70 | 18.1 | 21.2 
12 5.94 2.92 3.02 5.06 | 6.85 | 3.33 | 14.6 | 30.0 
13 5.93 2.25 3.68 4.30 | 6.76 | 2.80 | 14.7 | 35.7 
14 5.88 2.26 3.62 4.56 | 6.02 | 3.65 | 16.6 | 27.4 
15 5.70 2.22 3.48 4.74 | 6.99 | 3.10 | 14.3 | 32.2 
16* 6.63 3.73 2.90 4.78 | 6.21 | 2.97 | 16.1 | 33.6 
17t 6.19 2.81 3.38 4.07 | 3.31 | 4.70 | 30.0 | 21.2 
Average, Cases 1 to 16........ 4.82 | 6.07 | 3.64 | 16.6 | 28.3 
* Cystinuria. 
t Hepatic coma. 


The cystine content of serum protein as determined by the Folin- 
Looney-Marenzi (1929) method seems to fluctuate less than that of 
tryptophane and tyrosine. Looney (1932) finds 0.6 per cent 
cystine in globulin and 6.0 per cent in albumin by this method. 
If these figures could be reproduced, the great difference in the 
albumin and globulin would make an indirect estimation (without 
fractionation) possible by the determination of total cystine to- 


Am 


| 
i 
| 
i 
| 
| 


L. R. Tuchman and M. Reiner 777 


gether with either total tyrosine, as suggested by Looney, or with 
total nitrogen. 

However, Lang and Braun (1932), using the same method, 
report 3.6 per cent cystine in globulin and 5.4 per cent cystine in 
albumin. We examined the cystine content in the albumin and 
globulin of seventeen cases, using the Folin-Looney-Marenzi 
method (see Table I). The average percentage was 6.1 in albumin 
and 3.6 in globulin. The cystine content of the albumin varies 
from 5.3 to 7.5 per cent, while that of the globulin is 2.8 to 4.4 
per cent. These figures show about the same degree of con- 
sistency as Wu’s tyrosine percentage and may serve to charac- 
terize these protein fractions. Since the cystine percentage of the 
albumin and that of globulin are of the same range of magnitude, 
it seems inadvisable to use them for an “indirect’’ method. 

Cystine Content in Normal and Pathological Conditions—It has 
been reported by Tuchman and Sobotka (1932) that the tyrosine 
content of albumin may rise in edematous conditions from 4.7 to 
6.0 per cent while it is reduced in globulin from 6.0 to 4.5 per cent. 
This point was taken into consideration in the selection of our 
eases. Eight cases (Cases 8 to 15) had a total protein content of 
less than 6.0 per cent and nine cases (Cases 4 to 7, 12 to 15, 17) 
displayed an inversion of the albumin-globulin ratio, as frequently 
encountered in edematous conditions. While the average cystine 
content of the albumin fraction seems to be slightly enhanced in 
edematous cases, this difference seems insignificant in view of the 
individual variations. In one instance only, Case 17, with a 
severe hepatic disease, an inversion of the cystine factors was ob- 
served; namely, the globulin with 4.7 per cent cystine was found 
richer than the albumin with 3.3 per cent. It is noteworthy that 
Case 16, with cystinuria, showed no significant deviations from 
normal. The total cystine content of serum protein varied from 
4.3 to 5.4 per cent, the average being 4.82 per cent. 


Method 


Looney’s (1932) adaptation of the Folin-Marenzi method was 
used with slight modifications. To 2 cc. of serum were added 
8 cc. of distilled water and 10 cc. of saturated magnesium-sodium 
sulfate solution (Reiner and Shwartzman, 1930). Globulin was 
precipitated and filtered and albumin was precipitated from the 
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filtrate with 10 per cent trichloroacetic acid. For the determina- 
tion of total protein, 2 cc. of serum were added to 10 cc. of 10 per 
cent trichloroacetic acid, which was found to be a more efficient 
precipitant than metaphosphoric acid. Albumin and total pro- 
tein precipitates were centrifuged, the supernatant fluid was 
decanted, and 2.5 cc. of 14 N sulfuric acid were added. The tubes 
were covered with tin-foil and hydrolyzed in the autoclave for 3 
hours at 120°; the tubes were well shaken after the addition of 
kaolin, and the hydrolysate was filtered and made up to 10 cc. 
with water. Of the clear, slightly brown filtrate, 5 cc. equivalent 
to 1 ce. of original serum were removed for cystine determination 
and 2 cc. for micro-Kjeldahl determination. All analyses were 
performed in duplicate. 


SUMMARY 


The cystine content of serum protein determined by the Folin- 
Marenzi-Looney method in sixteen cases averaged 6.07 per cent 
(factor 16.6) in albumin, and 3.64 per cent (factor 28.3) in globulin. 
No such characteristic deviations were observed as in the tyrosine 
percentage of edematous sera. The total cystine content of 
human serum protein averaged 4.82 per cent. 
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TYROSINE AND CYSTINE CONTENT OF SERUM PROTEINS 


By MIRIAM REINER anp HARRY SOBOTKA 
(From the Laboratories of the Mount Sinai Hospital, New York) 
(Received for publication, March 14, 1933) 


The merits of colorimetric methods for the determination of 
individual amino acids in protein analysis have been considered in 
the preceding communication (Tuchman and Reiner, 1933). We 
applied the tyrosine method of Wu and the cystine method of 
Folin, Marenzi, and Looney to the proteins of various animal 
sera. These figures obtained on normal animals will be found 
useful in the study of serum proteins in animal experimentation. 

We were not able to detect any relation between the albumin- 
cystine and the globulin-cystine content, nor between the tyrosine 
percentages of the two fractions. No significant correlation ob- 
tains between the percentage of these two important amino acids 
in globulin, while a moderate parallelism may be discerned in 
albumin. There is no indication of similarity between related 
species in either the tyrosine or the cystine content of the serum 
proteins. The greatest difference between the amount of albumin- 
cystine and globulin-cystine is found in chicken serum. The 
present tyrosine factors (Table I) are in good agreement with those 
given by Wu and Ling (1928) except for pig serum. Their factors 
for albumin and globulin are respectively: man 21.4 and 15.8, 
dog 17.7 and 20.8, cat 20.2 and 19.7, horse 20.2 and 21.1, cow 19.2 
and 20.0, sheep 19.9 and 16.1, pig 18.8 and 17.7, rabbit 17.0 and 
20.7, and chicken 18.6 and 18.1. 

We had the opportunity to fractionate 30.0 liters of horse serum 
from an animal, immunized by frequent injections of typhoid 
toxin (Reiner and Shwartzman, 1930). The proteins were frac- 
tionated by 33, 42, and 50 per cent saturation with Halliburton’s 
magnesium sodium sulfate. Water-insoluble proteins could be 
separated from the water-soluble portion of each globulin frac- 
tion, when the sulfates were removed by dialysis against running 
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water. This serum is richer in globulins than normal horse serum, 
which is generally the case with immune sera (Joachim, 1902; Gib- 
son and Banzhaf, 1910). The immunoactive substance was con- 
tained in the water-insoluble Pseudoglobulin I (Table II). When 
comparing the tyrosine and cystine content of all these fractions, 
we found the immunoactive fraction richer in tyrosine than any 
other. 

The tyrosine determinations were performed not only on the 
unhydrolyzed proteins, but also on the hydrolysates prepared for 


TABLE I 
Tyrosine and Cystine Factors in Blood Serum of Various Species 


Protein Tyrosine factors} Cystine factors 


BRE 


CH 


Guinea pig 
Chicken 


o 


18 | 3 
85 | 3 
| 3 
| 1 
-28 | 3 
.23 | 2 
.48 2 


* Values for tyrosine represent average of normal sera (Tuchman and 
Sobotka, 1932); see accompanying paper for values for cystine. 
+ Antitoxin horse; see Table IT. 


the cystine analysis. A control experiment convinced us that the 
chromogenic power of tyrosine is not altered under the conditions 
of acid or alkaline hydrolysis. The “tyrosine’”’ percentage of all 
fractions, except that of Pseudoglobulin II, was increased by 
hydrolysis. This rise was most pronounced in albumin and in 
one portion of the water-insoluble euglobulin. This fraction had 
been divided into two portions, one of which had risen to the 
surface due to its lipid content; this portion was analyzed sepa- 
rately after extraction of non-nitrogenous matter by acetone. 


ae Alb Albu- | Glob- | Albu- | Glob 
Total | | | | | | 
per cent|per cent 
32.3 
35.4 
29.0 
29.5) 
44.8 
29.7 
id Rabbit....................| 5.40] 8 31.0 
31.5 
3.67 | 1 48.9 
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The animal sera were pooled specimens obtained from normal 
laboratory animals or from the slaughter-house. The methods 
employed were described by Tuchman and Sobotka (1932) and 
Tuchman and Reiner (1933). 


TABLE II 
Tyrosine and Cystine Content of Horse Serum Fractions 


Protein fraction (percentage of 
sulfate saturation) 


Euglobulin (0-33) .20)31.2/4.08) 24.9)4.90 
41.0/0.53)189 |5.46 
28.1/4.13) 24.2/5.38 
Pseudoglobulin I (33-42) 26.9|5.60) 17.9)6.25 
31.8)4.10) 24.45.05 
25.2)4.62) 21.6/4.48 
30.2/4.96) 20.2/5.01 


II (42-50) 


Total globulin (0-50) 1173 29.5'4.06| 24.6)5.20 
Albumin (50-80) 890 17.0\4.42| 22.6/7.20) 


* Calculated on basis of Kjeldahl nitrogen. 
t Acetone-treated portion. 
} Antitoxin fraction. 


SUMMARY 


Tyrosine and cystine factors for serum albumin and globulin of 
various animals were determined and tyrosine and cystine contents 
of several fractions of horse serum were compared. The tyrosine 
content of horse serum proteins, as determined by the Wu method, 
seems to rise on acid hydrolysis. 
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tion (Burr and Brser) 
Xxiv 
Todoacetate: 
Yeast fermentation, inhibi- 
tion (EHRENFEST) 
Todoacetic acid: 
Yeast poisoned by, amines, 
effect (ScHROEDER, Woop- 


WARD, and Piatt) 525 

Iron: 
Biological material, deter- 
mination (HANzAL) li 


Egg yolk (Ertxson, Boy- 
Marttn, and Insko) 
xl 
Reticulocyte response, ane- 
mia, effect (ELVEHJEM and 
ScHULTZE) XXXix 
Salts, hemoglobin construc- 
tion, anemia, influence 
(Dart) XXXiV 
—, nitrogen conservation, 
anemia, influence (Darr) 
XXXxiv 
Utilization, parenteral ad- 
ministration (Brine, Saur- 
WEIN, and MYErs) xv 
Isobarbituric acid: 
Metabolism and 


CERECEDO) 653, xe 

K 

Keratin: 

Egg-shell (CaLvEery) 183 

L 

Lactate-pyruvate: 
Oxidation-reduction poten- 
tials, ahydroxyoxidase 


coenzyme, effect (BARRON 
and xi 


Index 


Lactation: 

Parathyroid glands, relation 
(Kozerxka, Hart, and 
BoustTepDT) 715 
(Koze.Ka) lx 

Lactic acid: 

Determination (FRIEDE- 
MANN and GRAESER) 

291 


Exercise, removal (EDwarps, 
Margarita, and 
Muscle contraction, rdéle 

(Maregaria, Epwarps, 
Henperson, and 

lxv 

Oxidation, §a-hydroxyoxi- 

dase, mechanism (BARRON 


and HastiNn@s) 155 
Lactose: 

Urine, glucose and, de- 
termination (KLEINER and 
TAUBER) 749 

Leucine: 

Absorption, gastrointestinal 
tract (CHasE) XXVii 

Di-, hydrochloride (Bar- 
NETT) 543 

Isolation (BARNETT) 543 


Isomers, absorption, gastro- 
intestinal tract (CHAsE) 


XXxVii 
Lipid(s): 

Liver, fat metabolism and 
(Srnciarr) lxxxvii 

Mold (Pruzss and Srron@) 
lxxx 

Tissue, cholesterol-rich diets, 
effect (Oxy) lxxv 


Unsaponifiable, liver. I 
(FreytaGc and Smits) 
309 
II (Freyrac and 
319 
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Lipid (s)—continued: 
Unsaponifiable, liver, antioxy- 
gens (FreyraG and Samira) 
319 
—, —, crystalline fractions 
(Freytac and Smira) 


309 
—, —, separation (FreYTAG 
and 309 


—, —, vitamins A and E 
and 
319 
Liver: 
Dietary principle, new 
Gers and Smirx) 


Fat, sexual variation 
(DEvEL) XXXV 


Fatty, dietary production 
(BLATHERWICK, MEDLAR, 
BrapsHaw, Post, and 
SaAwYER) XViii 

Glycogen, sexual variation 
(DEvEL) XXXV 

Lipids, fat metabolism and 
(Stnciarr) Ixxxvii 

—, unsaponifiable. I 
(Freytag and Smits) 


309 

II (Freyrac and 
319 

—, —, antioxygens (Frey- 


TAG and Smirx) 319 
—, —, crystalline fractions 
(FreytaG and Smita) 


309 
—, —, separation (FreyTAG 
and SmirH) 309 


—, —, vitamins A and E 
(FreytaG and 
319 


Magnesium: 

Biological materials, deter- 
mination, McCrudden 
method (FrEaR and Kau- 
LENBERG) 85 

Blood cell, red (GREENBERG, 


Lucta, Mackey, and 
Turts) 139 
— plasma (GREENBERG, 
Lucra, Mackey, and 
Turts) 139 
Deficiency. III (Kruse, 
OreEnt, and McCo.tivum) 
603 


Deprivation, blood effect 
(Kruse, and 
McCo.ivum) 603 

d-Mannosaccharic acid: 
d-Mannuronic acid, syn- 
thesis from (NIEMANN and 


Linx) 407 
d-Mannuronic acid: 
d-Mannosaccharic acid syn- 
thesis (NreMANN and Linx) 
407 
a,d-Mannuronic acid: 
Isolation (ScHoEFFEL and 
Linx) 397 
8,d-Mannuronic acid: 
Isolation (ScHoEFFEL and 
Linx) 397 
Metabolism: 


Glycine effect (Apams) 
Infantilism, Lorain (Wane, 
Kaucuer, and 


WIna) xcix 
Methemoglobin: 

Determination, bicolori- 

metric (CLARK and GrB- 

SON) 205 
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Methionine: 
-Deficient diet, production 
(Waite and Jackson) 


ciii 
dl-Methionine: 
Metabolism (Virtue and 
Lewis) xcv 
Methylene blue: 
Cyanide poisoning, action 
(WENDEL) 
Methyl-d-galacturonide: 
Preparation (MorELL and 
Linx) 385 
Methylglycosides: 


Hexuronic acids, naturally 
occurring. I (More. 


and Linx) 385 
Methylsulfonic acid: 
Protein oxidation product 
(Vars) xciii 
Mineral: 


Metabolism, inorganic con- 
stituents, diet low in 
(Brooke and SmitTH) 


105 
Mold: 
Lipid (Pruzss and 
lxxx 


Mycelium, nitrogen (PETER- 
son, Gorcica, and 


Ixxviii 
Mucin: 
Pepsin inhibition by (Brap- 
LEY) xx 
Muscle: 
Anserine, determination 
(Witson and Wotrr) 
evi 


Contraction, lactic acid réle 
(Marearia, Epwarps, 
Henperson, and D111) 

Ixv 


Muscle—continued: 

Disease, glycine effect 

(Branp and Harris) 
xx 
Dystrophy, amino acid effect 

(Bearp and 
xiv 
pseudohypertrophic, 
creatine effect (CHANUTIN, 

Burt, and Royster) 
XXVi 
—, —, glycine’ effect 
(CuanuTiIn, Burt, and 
Royster) xxvi 
Fish, dehydrogenase sys- 
tems, arsenic effect (CoL- 
LETT, RHEINBERGER, and 
LITTLE) 271 
—, — —, selenium effect 
(CoLLteTT, RHEINBERGER, 
and LitTLe) 271 
—, — —, tellurium effect 
(CotteTt, RHEINBERGER, 
and LitTLe) 271 
Frog, dehydrogenase sys- 
tems, arsenic effect (CoL- 
LETT, RHEINBERGER, and 
LitTLE) 271 
—, — —, selenium effect 
(CoLLeTT, RHEINBERGER, 
and 271 
—, — —, tellurium effect 
(CoLLETT, RHEINBERGER, 


and 271 
—, hexosemonophosphate 
disappearance (ROoONzoNI 
and lxxxiv 


Heart, sugar, fermentable 
(Corr and Cxoss) 


XXxii 

Mammalian, carbohydrate, 
total, glycogen and (Corr 
and Corr) 323 
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Muscle—continued: 
Skeletal, sugar, fermentable 
(Cort and C.oss) 


N 
Neuromuscular disease: 
Glycine effect (Branp and 
xx 


Nitrogen: 

Amide, blood protein, urine 
ammonia source. III 
and Nasa) 

515 
IV (WiiuraMs and Nasa) 
737 

Conservation, iron salts, 

anemia, influence (Dart) 
XXxiv 

Mold mycelium (Pererson, 

Gorcica, and FrRep) 


lxxviii 
Nutrition: 
Inorganic salts. VI (BrooxE 
and 105 
Oil(s): 


Acetyl number, determina- 
tion (West, Curtis, and 


cii 
Fish. See Fish oil. 
Oligosaccharides: 
Reduction by (Everett 
EpWARDs) xlii 


Onion: 
Disease resistance, catechol, 
relation (Link and 
KER) 379 
Optical rotation: 
Chemical constitution and. 
IV (Levene, MARKER, 
and RorHEN) 589 


Oxidase: 
a-Hydroxy-, lactic acid oxi- 
dation, mechanism (Bar- 
RON and Hastings) 


155 

Oxidation(s) : 
Biological. II (Barron and 
HastinGs) 155 
Reversible, two-step, theory 
149 

Oxygen: 

Consumption, fasting (Davis 
and van 455 


Debt, mechanism (Marca- 
RIA, Epwarps, HEenpER- 
son, and D111) lxv 

-Hemoglobin _ equilibrium, 
electrolyte effect (GreEN 
and TaLBort) p.1 

P 
Pancreas: 

Enzyme, anemia, pernicious 
(Heimer, Fours, and 
ZERFAS) liii 

Parathyroid: 

Extract, bone, effect (Mor- 
GAN, KimmeL, THOMAS, 
and SaMIscH) 

Gland, ergosterol, irradiated, 
toxicity, relation (Jongs) 

343 

—, function 

Ix 

—, growth effect 
Hart, and Boustept) 

715 

—, lactation, relation 
(Kozetka, Hart, and 
BousrTept) 715 
(Kozeika) lx 
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Parathyroid—continued: 

Gland, reproduction, relation 
(Kozerka, Harr, and 
BoustTepT) 715 
lx 

Hormone, calcium excretion, 
hypophysectomy, injection 
effect (PuGsLEY) Ixxxi 

—, — —, injection effect 


(PuGsLey) lxxxi 

—, role (PuGstey and 

SELYE) lxxxi 
Parathyroidectomy: 


Ergosterol, irradiated, effect 
(AsHER and JONEs) 


333 
Pepsin: 

Casein digestion (Jonzs and 
GERSDORFF) lviii 
Inhibition, mucin (BRADLEY) 
xx 

Phenols: 
Blood, tyrosine ingestion 
effect (LOONEY) lxiv 


Phenyl compounds: 
Rotations (LevENE and 
MARKER) 685 
Phenylhydantoin: 
Cysteic acid, preparation 
and properties (ANDREWS 
and ANDREWS) vi 
Phospholipid: 
Blood plasma, amytal and 
epinephrine effect (MuL- 


LER) lxx 

— —, — — insulin effect 

(MILLER) lxx 
Phosphorus: 

Biological material, deter- 

mination, Lorenz-Pregl 


technique (Brooke and 
SmitH) XXiii 


Phosphorus—continued: 
Blood, distribution, ergos- 
terol, irradiated, effect 
(Guest and WaARKANY) 


445 
— serum, pregnancy (MULL 
and KINNEY) Ixxiii 


Calcium-, complex, filtrable, 
adsorbable, blood serum 
(BENJAMIN) 57 

Inorganic, blood serum, 
forms. I (BENJAMIN and 
Hess) 27 
II (Bensamin) 57 

—, — —, —, hypercalcemia 
(BENJAMIN and Hgss) 

27 


—, ——, —, rickets (BEN- 


JAMIN and Hgss) 27 
Storage, growing children 
(Hunscuer, Corr, Nott, 
and Macy) lv 


Pitocin: 
Properties (pu VIGNEAUD, 
Seaock, Sirrerp, Kamm, 
and Grore) xciv 


Pitressin: 
Properties (pu VIGNEAUD, 
Seaock, Sirrerp, Kamm, 
and xciv 


Pituitary: 

Anterior, extracts (GAEBLER) 
xlvi 
—, gonad-stimulating sub- 
stance, fractionation 

(WALLEN-LAWRENCE) 
xevii 
—, male hormone and, effect 
(Harrow, Nariman, and 
Funk) lii 
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Pituitary—continued: 

Extracts, properties (Co1- 

Lip, THOMSON, and SELYE) 
Xxxii 

-Like hormone, anterior, 
properties THom- 
son, and SELYE) XXxxi 

Plant: 

Tissue, vitamin B, adsorp- 
tion. I and 
ABEL) 731 

Polysaccharide: 

Tuberculin, determination, 
Shaffer-Hartmann and 
Hagedorn-Jensen meth- 
ods, comparison (Mun- 
DAY and SEIBERT) 277 

Potassium: 

Determination, colorimetric 
(Sopet and Kramer) 

561 

Precipitation as potassium 
sodium cobaltinitrite 
(Husparp) 557 

Potassium sodium cobaltinitrite: 

Potassium precipitation 

(Husparp) 557 


cy: 
Blood serum calcium (MULL 
and KINNEY) lxxiii 
— — phosphorus (Mutt and 
KINNEY) xxiii 
Tooth changes and 
KINNEY) lxxiii 
Urine extract, hypophysec- 
tomy, effect (Wapz, Katz- 

MAN, and JORGENSEN) 
xevi 

Propionic acid(s) : 

a,a’-Bis-acetylamino-, esters, 

preparation (NIcoLetT) 
287 


Propionic acid(s)—continued: 
Disubstituted, with phenyl 
group, configurational re- 
lationship (LEveNE, Mar- 
KER, and RorTHEN) 
589 
Protein(s) : 
Amide nitrogen, _ blood, 
urine ammonia _ source. 
III (Wriu1aMs and 
515 
IV and Nasu) 
737 
Amides, synthesis from 
ammonia (WILLIAMS and 


515 
Bence-Jones. I (Mepss) 
lxix 


Blood serum, cystine 
(Tucuman and 


775 

(REINER and 
779 
— —, tyrosine (Rerner and 
779 
Methylsulfonic acid from 
(Vars) xciii 


Molal volumes (Conn, Mc- 
Meexin, and 


BLANCHARD) xxviii 
Molecule, hydroxyproline 
lability (Morse) Ixxiii 
Saccharomyces cerevisize 
(CsonxKa) Xxxiii 
Yeast (CsonKa) XXxxiii 
Pulfrich: 
Photometer, creatinine deter- 
mination (KassELL) 
Iviii 
Pyrimidines: 


Physiology and 
CERECEDO) xe 


_ 
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Pyrimidines—continued: 
Physiology. VII 
and CERECEDO) 653 
R 
Refection: 
(Parsons, and Hus- 
SEMANN) lxxvi 
Reproduction: 


Parathyroid glands, relation 
(Kozerka, Hart, and 


Boustept) 715 
lx 
Respiration: 
Shock and adrenalin, effect 
(LanpIs) 
Respiratory quotient: 
Abnormal, fat-deficient diet, 
effect (Wesson) 365 
—, — —, exercise effect 
(Wesson) 365 


—, intestinal fermentation, 
fat-deficient diet, effect 


(Wesson) 365 
Reticulocyte: 

Copper _ effect, anemia 

and Scuutrze) 

XXxix 


Tron effect, anemia (ELve- 
HJEM and ScHULTZE) 


XXxix 
l-Ribose: 
Synthesis (AusTIN and Hv- 
MOLLER) x 
Rickets: 


Blood serum calcium, forms 
(BENJAMIN and Hgss) 

27 

— — phosphorus, inorganic, 

forms (BENJAMIN. and 

Hess) 27 


Saccharic acid: 
d-Manno-, d-mannuronic acid, 
synthesis from (NIEMANN 
and Linx) 407 
Saccharides: 
Oligo-, reduction by (Ever- 
ETT and Epwarps) 


xlii 
Saccharoid: 
Blood, nature (FasHENna) 
357 


Saccharomyces cerevisiz: 
Proteins (CsonKa) XXXiii 
Salt: 
Economy, heat effect 
Jones, Epwarps, and 


OBERG) 755 
Scleroprotein: 
Hydroxyproline color test 
for (Morse) 373 
Scurvy: 
Glucuronic acid production 
(Quick) 441 


-Like symptoms, sodium fluo- 
ride _ingestion cause 
(PHILLIPS) lxxix 

Sex: 
Carbohydrate metabolism, 
effect. II (Burrs and 
DEUvUEL) - 415 
Hormone, male. VI (Har- 
row, NaIMAN, and Funk) 
lii 
—,—, comb growth-stimu- 
lating, alkali effect (Ga1- 
LAGHER and Kocn) 
xvii 
—, —, pituitary, anterior, 
and, effect (Harrow, Nal- 
MAN, and Funk) lii 
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Sex—continued: 
Liver fat, effect (DevEL) 
XXXV 
— glycogen, effect (DEvEL) 
XXXV 
Shaffer-Hartmann: 
Polysaccharide determina- 
tion, tuberculin, Hagedorn- 
Jensen method, compari- 
son (Munpay and Sezr- 
BERT) 277 
Shock: 
Electrocardiogram, adrena- 
lin and, effect (Lanpis) 


Ixi 
Respiration, adrenalin and, 
effect (LANpIs) Ixi 
Skin: See also Integument. 
Sodium fluoride: 
Scurvy-like symptoms fol- 
lowing ingestion (PHILLIPs) 
Ixxix 
Sodium nitrite: 
Cyanide poisoning, action 
(WENDEL) c 
Soy bean: 
See Bean. 
Spectrograph: 
Vitamin A _ determination 
(Brus) xv 
Stomach: 


Ulcer, bile salts onl ‘thyroid, 
relation (ScHmIDT) 


Ixxxvi 
Sugar(s): 
Acidic property. II (Ur- 
BAN and WILLIAMS) 
237 


Determination, copper-iodo- 
metric reagents (SHAFFER 
and Somoey1) 695 


Sugar(s)—continued: 
Fermentable, heart (Corr 
and Coss) XXxxii 
—, muscle, skeletal (Corr 
and Cross) XXxii 
Sulfonic acid: 
Methyl-, protein oxidation 
product (Vars) xciii 
Sulfur: 


Compounds, absorption, in- 
testinal loop (ANDREWS 
and JOHNSTON) vii 


Suprarenal: 
Gland, active principle es- 
sential to life (KENDALL, 
Mason, McKenziz, and 


Myers) lix 
T 
Tartaric acid: 
Fate, body (Finxie) 349 
Taurine: 
Glycyl-, synthesis 
civ 
Testicle: 
Hormone assay (GALLAGHER 
and Kocna) xlviii 
—, urine (GALLAGHER and 
Kocs) xl viii 
Theelin: 


Derivatives, oxygen equiva- 
lents (Levin, MacCor- 
QUODALE, THAYER, and 
Dotsy) 

Oxygen equivalents (Levin, 
MacCorquopaLe, THAyY- 
ER, and Dotsy) 

Preparation (Curtis) 


820 


Theelol: 

Derivatives, oxygen equiva- 
lents (Levin, MacCor- 
QuODALE, THAYER, and 
Dotsy) lxii 

Oxygen equivalents (Levin, 
MacCorquopaLz, THay- 
ER, and Dorsy) lxii 

Thiocyanate: 

Urine, determination (Su1- 

LIVAN) xci 
Thyroglobulin: 

Preparation (Caverr and 

SELJESKOG) XXxvi 
Thyroid: 

Activity, gastric ulcers and 
bile salts, relation 
(ScumipT) Ixxxvi 

Desiccated, calcium excre- 
tion, feeding effect (Puas- 
LEY) Ixxxi 

hypophysectomy, 

feeding effect (Pugster) 
Ixxxi 

Gland, cyanide metabolism 
and (BauMANN, SprRIn- 
son, and 

Thyrotropic hormone: 

Physiology (ANDERSON) 

iv 
Toad: 

Poison, chemistry (JENSEN, 

Cuen, and Cuen) 
Tooth: 

Inorganic salts, ration low 
in, effect (ARNIM, CLARKE, 
ANDERSON, and SmiTH) 

Pregnancy relation (MuLL 
and Kinney) Ixxiii 

Vitamin D effect (TempLin 
and STEENBOCK) 217 


Index 


Trehalose: 
Identification, tubercle ba- 
cillus (ANDERSON and New- 
MAN) iv 
Tryptophane: 
-Deficient diet, indole de- 
rivatives, supplement 
(Baueurss and Bere) 


xii 
dl-Tryptophane: 

Resolution (Bere) 79 

Tubercle bacillus: 

Trehalose in acetone-soluble 
fat (ANDERSON and 
MAN) iv 

Tuberculin: 

Polysaccharide determina- 
tion, Shaffer-Hartmann 
and Hagedorn-Jensen 
methods, comparison 
(Mounpay and 

277 


e: 
Blood phenols, ingestion ef- 


fect (Loonry) Ixiv 
— serum proteins (REINER 
and 779 
— uric acid, ingestion effect, 
Folin and Benedict meth- 
ods, comparison (Looney) 


Ixiv 
Tyrosinephosphoric acid: 
Synthesis (LevENE 


ScHorRMULLER) 
U 


and 
583 


Ultra-violet: 
Irradiation, vitamin B com- 
plex, effect (Hogan and 
RICHARDSON) lv 
Urease: 
Activity, oxidation 


réle 
(PERLZWEIG) ii 


lxxvii 
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Urease—continued: 

Activity, reduction 
(PERLZWEIG) 

Soy bean (Kirk) 

Uric acid: 

Blood, Folin and Benedict 
methods, comparison 
(Looney) lxiv 

Urine: 

Anisotropic substances 
(TURNER) xcii 

Extract, pregnancy, hypo- 
physectomy, effect (Wapz, 
Katzman, and  Jor- 
GENSEN) xevi 

Fat metabolism hormone 
(Funk) xliii 

Mouse (PARFENTJEV and 
PERLZWEIG) 551 


Vv 


xxvii 
667 


Valine: 

Absorption, gastrointestinal 
tract (CHASE) XXvii 

Isomers, absorption, gastro- 
intestinal tract (CHaAsE) 

XXvii 
Viosterol: 

Bone, _ effect 
KimMEL, THOMAs, 
SaMIscH) 

Vitamin: 

A, antimony trichloride test, 
substances interfering 
with (CorBEt, GEISINGER, 
and 657 

— determination, spectro- 
graphic xv 

—, fish oils, determination 
(BILxs) xv 

—, lipids, unsaponifiable, 
liver (FreyraG’ and 
Smita) 319 


(Moraan, 
and 
lxxi 
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Vitamin—continued: 

A synthesis, bacterial (Bau- 
MANN, STEENBOCK, and 
INGRAHAM) xiii 

B complex, ultra-violet ir- 
radiation, effect (HoGan 
and RIcHARDSON) lv 

— —, yeast (Lewis and 
RYMER) lxiii 

— fractions, insect test (Mc- 
Cay) Ixvii 

B, adsorption, Brassica chin- 
ensis (MILLER and ABEL) 

731 

— —, plant tissue. I 
LER and ABEL) 731 

—, standardization 

225 

—, yeast, extraction (Se1- 
DELL) 195 
(Smit) 225 

Be, hemin, relation (Smrrx) 

225 

—, standardization (Smirx) 

225 
—, yeast, extraction (SmiTH) 
225 

D, calcium conservation, 
adult and. II (Temp.in 
and STEENBOCK) 209 
III (Tempuiw and Sreen- 
BOCK) 217 

—, — —, calcium-low diet, 
adult, effect (Tempiin and 
STEENBOCK) 209 

—, tooth, effect (Tempiin 
and STEENBOCK) 217 

E, lipids, unsaponifiable, 
liver (FreyTAG and SmirH) 

319 
international 
Ixxiv 


Standards, 
(NELsoN) 
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Ww Yeast—continued: 
Wer: Poisoned by iodoacetic acid, 
amines, effect (ScHROE- 
Acetyl number, determina- DER, Woopwarp, and 


tion (West, Curtis, and Piatt) 525 
HoaGianp) cil Proteins (CsonKA)  xxxiii 
Vitamin B complex (Lewis 

Y and Ryrmer) 
Yeast: — B, extraction 


1 
Fermentation, iodoacetate 


inhibition (EHRENFEST) — By extraction (SmiTx) 
eee 225 
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THE ELECTRIC CHARGE OF AMINO ACID CRYSTALS IN AQUEOUS 
ELECTROLYTES 


By HAROLD A. ABRAMSON 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


The isoelectric points of microscopic crystals of /-cystine, of 
l-tyrosine, and of l-aspartic acid in HCl are between pH 2.3 and 
2.5. The crystals are negatively charged at the isoelectric points 
(as calculated from the mass law) of the dissolved amino acids. 
In each instance reversal of sign of the crystal charge occurs at a 
pH close to the increase of the solubility of the amino acid. The 
curves relating the electric mobility of the amino acid crystals with 
pH resemble those of an inert substance like n-propyl benzene 
except that the latter is not reversed in sign of charge by acid. 
The data give some information in regard to the orientation of 
polar groups at the limits of the crystal lattice of ampholytes. 


METABOLISM STUDIES FOLLOWING THE ADMINISTRATION OF 
GLYCINE 


By MILDRED ADAMS 
(From the Section of Clinical Metabolism, The Mayo Clinic, Rochester, 
Minnesota) 

The changes produced in the urine by feeding glycine alone or 
glycine and ephedrine appear to vary considerably, and to obtain 
further information concerning these, data have been obtained on 
normals, patients with myasthenia gravis, and patients with mus- 
cular dystrophy. The changes in the various nitrogen and sulfur 
partition products and phosphate were studied. 

The increase in creatine, which seems to be an important factor 
in muscular metabolism, appears to be influenced by the degree of 
the creatinuria before glycine is administered. The increase in 
uric acid excretion is also variable. The results of a balanced ex- 
periment on one patient with myasthenia gravis show no decided 
change in the nitrogen, phosphorus, or sulfur balance, by feeding 
glycine. 
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THE PHYSIOLOGICAL PROPERTIES OF THE THYROTROPIC 
HORMONE 


By E. M. ANDERSON 
(From the Department of Biochemistry, McGill University, Montreal, 
Canada) 

With a highly purified extract of the anterior pituitary contain- 
ing the thyrotropic hormone, hyperplasia of the thyroid with 
hyperthyroidism has been produced in the rat and guinea pig; also 
complete replacement therapy with respect to the thyroid has been 
obtained in the hypophysectomized rat. 


IDENTIFICATION OF TREHALOSE AS THE HIGHER ALCOHOL 
COMBINED IN THE ACETONE-SOLUBLE FAT OF THE TUBERCLE 
BACILLUS 


By R. J. ANDERSON anp MELVIN 8S. NEWMAN 
(From the Department of Chemistry, Yale University, New Haven) 


In previous investigations dealing with the composition of the 
acetone-soluble fat obtained from the tubercle bacillus, Strain H-37, 
it has been found that the fat contained at most mere traces of glyc- 
erol, and it was assumed that some higher polyhydric alcohol or a 
carbohydrate was present. It has now been shown that the higher 
alcohol in question is trehalose. 

It is an interesting fact that the principal lipid fractions of the 
tubercle bacillus contain entirely different polysaccharides. The 
polysaccharide contained in the phosphatide yields on hydrolysis 
three sugars; namely, inosite, mannose, and some other reducing 
hexose sugar. The wax fraction contains a carbohydrate complex 
which consists principally of d-arabinose, galactose, and mannose. 
The acetone-soluble fat contains the crystalline disaccharide tre- 
halose, + 2H;0. 


THE OXIDATION OF CYSTINE IN ACID SOLUTION 
By JAMES C. ANDREWS 
(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


Further studies have been made of the mechanism of cystine 
oxidation in various acid solutions by pure oxygen. Solutions of 
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Lcystine in HCl, H2SO,, and H;PO, have been used in conjunction 
with various catalysts and the rate of uptake of oxygen has been 
measured. Temperatures of both 38° and 60° were employed and 
the rate both of racemization and oxidation was measured. 

The great effectiveness of copper as an oxidative catalyst is 
emphasized by these studies. Although copper has been shown to 
accelerate the oxidation of sulfhydryl compounds to disulfides, 
its catalytic value in accelerating the further oxidation of a disul- 
fide to the sulfonic acid has not previously been demonstrated. 
The amounts required are in excess of those normally present in an 
average good sample of cystine, several times recrystallized. 
Hence no attempt has been made to work with absolutely copper- 
free preparations. For example, at 60° 3.00 gm. of cystine in 600 
ec. of 5 N HCl took up no measurable amount of oxygen in 1 week. 
Introduction into the sample of 10-* mols of Cu+* started imme- 
diate absorption of oxygen at the rate of about 20 cc. per day until 
the theoretical amount required for cysteic acid formation was ab- 
sorbed. Analysis of the resulting solution showed inorganic sul- 
fate corresponding to about 25 per cent of the original cystine, 
and the remainder of the sulfur in the form of cysteic acid, which 
was isolated and identified in the usual way. Determinations 
by the Folin method showed the complete absence of cystine. 
Iron was shown to be entirely ineffective as a catalyst in similar 
experiments. In this case, determinations by the Folin method 
showed a recovery of 94 per cent of the cystine, after the re- 
moval of which a small amount of cysteic acid was identified. 
This result corresponds to that obtained with no added catalyst. 

A series of similar comparisons at 38° gave the same results. 
Copper showed very marked catalytic activity in amounts of 10~¢ 
and 10-* mols. and Fe*+** in similar quantities both proved 
ineffective in 5 N HCl. In-5 n H,SO, and 5 m H;PO, 10-* mols 
of Cut+*+ were without effect. The combination of Fet*+ with 
Cu** in 5 n HCl did not increase the rate of oxygen absorption 
over that of the copper alone. 

The formation of inorganic sulfate in these oxidations led to some 
experiments to determine whether it could be the result of further 
oxidation of the cysteic acid (for example, to serine or pyruvic acid 
and H,SO,). However, repeated attempts to effect such an oxi- 
dation of pure cysteic acid, both with O, and with Br, have thus 
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far given uniformly negative results and no catalyst as yet tried 
has shown any effectiveness in promoting such a reaction. Fur- 
thermore, all attempts to isolate serine or pyruvic acid from cystine 
oxidations, in which inorganic sulfate was formed, have given 
negative results. 


THE PREPARATION AND PROPERTIES OF CYSTEIC ACID PHENYL- 
HYDANTOIN 


By JAMES C. ANDREWS ann KATHLEEN CRANDALL ANDREWS 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


In order to utilize the greater reactivity of cyclic amino acid 
derivatives to accomplish, if possible, the preparation of taurine 
from cysteic acid, the phenylhydantoin of cysteic acid has been 
prepared. All attempts to form the hydantoin directly from 
cysteic acid have given negative results but oxidation by means of 
bromine of /-cystine phenylhydantoin gives the desired compound 
in the form of its hydrobromide. 

Cysteic acid phenylhydantoin hydrobromide crystallizes in 
flat fragile plates which are quite water-insoluble but moderately 
soluble in 95 per cent alcohol and very soluble in acetone. 

Results of analyses for N, 8, and Br correspond closely to the 
theoretical. The Br can be titrated directly by means of silver 
nitrate and is thus not substituted in the benzene ring. The sul- 
fonic group and the hydrobromic acid may be titrated at very low 
pH (about pH 3). At higher pH values the hydantoin ring splits 
between positions (3) and (4), thus forming the hydantoic acid and 
liberating a carboxyl group which is completely titrated by stand- 
ard alkali at a methyl red end-point. Neither the hydantoin nor 
the hydantoic acid gives any free amino nitrogen in the Van Slyke 
reaction. 

In the presence of excess bromine the compound is unstable at 
room temperature, being slowly oxidized with apparently complete 
destruction of the hydantoin ring and evolution of free nitrogen. 
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THE ABSORPTION OF CERTAIN SULFUR COMPOUNDS FROM 
INTESTINAL LOOPS OF DOGS 


By JAMES C. ANDREWS anv CHARLES G. JOHNSTON 
(From the Department of Physiological Chemistry and the Department of 
Research Surgery, School of Medicine, University of Pennsylvania, 
Philadelphia) 

As a preliminary to some metabolic studies of certain sulfur 
compounds, the relative rates of absorption of these compounds 
from jejunal loops of dogs were studied. The loops were prepared 
by the technique described by Johnston! which permits keeping 
the animals in a healthy condition for many months. Weighed 
samples of the substances studied were introduced quantitatively 
into the loop and removed at the end of the experimental period 
(usually 4 hours). To insure quantitative recoveries the loops 
were washed repeatedly. Preliminary tests showed that it was 
possible to recover from 95 to 100 per cent of the material when 
removed immediately after its introduction. 

The rate of absorption of the following compounds was meas- 
ured: l-cystine, dl-cystine, cysteine, cysteic acid, and sodium 
sulfate. 0.5 gm. samples of cystine were used and in the case 
of other compounds equivalent amounts in terms of sulfur. The 
results showed some variation among different animals, but were 
very consistent for any one animal. One dog (18.3 kilos) gave the 
following recoveries on 4 hour experiments (maximum variation): 
Lcystine, 68 to 78 per cent; di-cystine, 58 to 76 per cent; cysteine, 
15 to 46 per cent; cysteic acid, 0 per cent; sodium sulfate, 68 to 82 
per cent. In 2 hour periods the recoveries of cysteic acid for this 
dog varied from 16 to 24 per cent. With a larger dog (27.9 kilos) 
similar relationships were observed, but more rapid absorption. 
Individual differences among the animals were much more apparent 
with the use of the amino compounds than with sodium sulfate. 

Simultaneous introduction of both cystine and cysteic acid gave 
recoveries identical with those obtained when either was intro- 
duced alone. 

After administration of cystine, nitroprusside tests were always 
made on the recovered material but were uniformly negative. 
After administration of cysteine, nitroprusside tests were usually 


' Johnston, C. G., Proc. Soc. Exp. Biol. and Med., 30, 193 (1932). 
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negative, indicating that considerable reoxidation had taken 
place. This implies a higher rate of absorption for pure cysteine 
than is apparent from the above figures. 

The slightly increased speed of absorption of dl-cystine over 
l-cystine confirms the results reported by Lawrie? with rats. The 
difference, however, as was the case with Lawrie’s experiments, is 
not very significant. 

Variations in the volume of water introduced with the sample 
had no detectable effect nor did preliminary fasting of the animal 
influence the rate of absorption. 


CHANGES IN TEETH OF RATS CONSUMING A RATION EXTREMELY 
LOW IN INORGANIC SALTS* 


By 8. 8. ARNIM, MIRIAM F. CLARKE, B. G. ANDERSON, ano 
ARTHUR H. SMITH 


(From the Departments of Pathology and Physiological Chemistry, Yale 
University, New Haven) 


The animals (albino rats) used in the present study grew at a 
rapid rate after weaning to a body weight of 100 gm. at approxi- 
mately 35 days of age. At this time the experimental group 
was given a ration composed of purified foodstuffs extremely poor 
in mineral salts but otherwise adequate. The approximate daily 
intake of total salts by the rats on the low salt ration was 56 mg., 
the phosphorus 16 mg., and the calcium less than 1 mg. This 
ration was continued for 12 weeks, at which time some of the ani- 
mals were killed (“12 + 0” in Table I) and others realimented for 
4, 8, or 12 weeks (“12 + 4,” “12 + 8,” “12 + 12” in Table I) 
with a similar diet containing an adequate salt mixture. The age 
control rats received the adequate synthetic food ad libitum 
throughout and the calorie controls received this diet in the same 
amount as was consumed by the animals on the low salt ration. 
Controls were killed at the same time as were the experimental 
rats. Serial sections 5 to 8u thick were made from one side of the 
lower jaw or from one side of both upper and lower jaws. 

Lesions were found in the cusps and in the sulci of the molar teeth 
of some of these rats. No attempt was made to record the total 


2 Lawrie, N. R., Biochem. J., 26, 435 (1932). 
* Presented before the American Society for Experimental Pathology. 
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number of lesions found in one animal, but it was recorded as 
carious if one or more lesions were found. The results indicate 
a possible difference between some of the etiological factors of the 
cusp lesion and those of the sulci lesion. 

The cusp lesions are associated with tracts of dentin that were 
in the process of formation during the period of salt deprivation. 
These tracts of dentin are in that portion of the cusp which was 
occupied by the pulp at an earlier stage of dentin formation. 
The rats consuming a diet extremely low in inorganic salts deposit 
tracts of very irregular dentin which contain connective tissue 
cells and many spaces and appear to be poorly calcified. These 
tracts of dentin extending into the cusps are points of structural 


TABLE I 
Time 1240 | 1244] 1248 12412 
it 
No. of animals................ | 21/62 
Caries 
ou 


weakness. The cusps wear off as the animals grow older until the 
irregular tracts of dentin are near the occlusal surface. Frac- 
tures may occur through this dentin, and necrosis of the pulp and 
rat caries may follow. 

The sulci lesions are not associated with portions of the teeth 
which were forming during the period of salt deprivation. The 
lesions are found involving enamel formed before the rats were 
given the low salt diet. There is a wide spread of the process at 
the dentino-enamel junction and an invasion of the dentin. This 
study throws little light on the etiology of this type of lesion. 
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A TECHNIQUE FOR THE SPECTROPHOTOMETRIC STUDY OF UN- 
DILUTED BLOOD 


By J. HAROLD AUSTIN anp DAVID L. DRABKIN 


(From the John Herr Musser Department of Research Medicine and the 
Department of Physiological Chemistry, School of Medicine, University 
of Pennsylvania, Philadelphia) 


In the course of some of our spectrophotometric studies a tech- 
nique in which undiluted blood could be used appeared necessary. 
We have designed accordingly a cell which permits the study of 
defibrinated or oxalated blood as drawn and without exposure to 
air or alteration by diluents not in gaseous equilibrium with the 
blood. 

The chamber of the cell, ground out of a plate of optical glass, 
is 0.07 mm. in depth, and is readily filled and emptied by means of 
two glass capillary tubes, connected with the chamber by ground 
openings in a heavy plate glass cover, forming the floor of the 
chamber. 

When saponized blood is used, oxyhemoglobin and reduced 
hemoglobin yield, at various wave-lengths, extinction coefficients 
which, corrected for concentration and depth of solution, are 
almost identical with those obtained with 1:100 and 1:1000 
dilutions of blood in 1 cm. and 10 em. cells, respectively. This 
extends the range of validity of Beer’s law for these pigments. 
Owing to turbidity, non-hemolyzed biood yields very different con- 
stants. An obvious application of the new technique is to the 
measurement of oxygen saturation of blood as drawn. 


COMPARATIVE STUDIES IN THE SYNTHESIS OF /-RIBOSE 
By W. C. AUSTIN ann FRED L. HUMOLLER 
(From the Department of Physiological Chemistry, Loyola University School 
of Medicine, Chicago) 
A new study of the reactions /-arabinose — /-arabonolactone — 
l-ribonolactone — L-ribose, originally investigated by Fischer and 
Piloty,*hasbeen made. From 900gm. of /-arabinose there were pre- 


pared, in improved conditions of oxidation and isolation, 660 gm. of 
l-arabonolactone. From the treatment of this amount of l-arabono- 


? Fischer, E., and Piloty, 0., Ber. chem. Ges., 24, 4214 (1891). 
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lactone with aqueous pyridine at 126° there were obtained, by 
the method of van Ekenstein and Blanksma,‘ 220 gm. of the 
phenylhydrazide of l-ribonic acid, m.p. 158°. This substance was 
converted to 104 gm. of sirupy /-ribonolactone, all of which was 
subjected to reduction with the formation of 65 gm. (estimated) of 
Lribose. The separation of the /-ribose and unchanged [-ribono- 
lactone has been only partially successful, and has given 3 gm. of 
crystalline /-ribose. 

These studies indicate a maximal yield of 0.5 per cent in the 
above method of conversion of /-arabinose to J-ribose, while the 
method of transforming /-arabinose by way of l-arabinal to /-ribose, 
recently announced by Austin and Humoller,' gave a yield of 10 
per cent. 


THE OXIDATION-REDUCTION POTENTIALS OF LACTATE- 
PYRUVATE IN THE PRESENCE OF THE ACTIVATING 
COENZYME OF a-HYDROXYOXIDASE 
By E. 8. GUZMAN BARRON anp A. BAIRD HASTINGS 
(From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago) 

The potential of the system lactate-pyruvate has been studied in 
the presence of the activating coenzyme of a-hydroxyoxidase de- 
rived from gonococci and a suitable reversible dye. All three 


TABLE I 
Ozxidation-Reduction Potentials of Lactate-Pyruvate at 35° 
pH E's Eo pH B's Eo 
volt volt volt volt 
5.53 —0.092 +0.2453 7.012 —0.1808 +0. 2469 
5.92 —0.113 +0. 246 7.106 —0.1854 +0.248 
6.24 —0.1294 | +0.2512 7.392 —0.2021 +0. 2488 
6.40 —0.1461 | +0.2443 7.797 —0.229 +0. 2466 
6.699 —0.1655 | +0.2431 


components are necessary to establish a stable, reversible potential. 
The dye, which is reduced by the system lactate-enzyme-pyruvate, 


‘ van Ekenstein, A., and Blanksma, J. J., Chem. Weekbl., 22, 373 (1909). 
* Austin, W. C., and Humoller, F. L., J. Am. Chem. Soc., 64, 4749 (1932). 
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acts as a mediator in effecting the electron transfer to the elec- 
trode. With cresyl violet plus pyocyanine as mediator, ratios of 
lactate to pyruvate from 1:9 to 5:5 gave satisfactory potentials, 
indicating reversibility of the system. At these ratios the media- 
tor was not completely reduced. When the ratio of lactate to 
pyruvate was 9:1, the dye was completely reduced and the poten- 
tial did not reach an equilibrium value. The potential is independ- 
ent of the concentration of the lactate within the limits studied. 
The variation of the potential with pH from 5.53 to 7.79 has been 
studied, as indicated in Table I. a was found to equal 0.061. 
The normal potential of the system, Eo, was calculated to be +0.246 
+ 0.002 and the free energy, AF, to be + 11,630 calories. 


THE AVAILABILITY OF INDOLE DERIVATIVES FOR SUPPLEMENT- 
ING DIETS DEFICIENT IN TRYPTOPHANE 


By LYLE C. BAUGUESS ann CLARENCE P. BERG 
(From the Laboratory of Biochemistry, State University of Iowa, Iowa City) 


Interest in the possibility of replacing essential amino acids in 
the diet with synthetic products more or less closely related in 
chemical structure has led us to synthesize §-3-indoleacrylic acid 
and a-oximino-§-3-indolepropionic acid and feed them to rats in 
conjunction with a diet deficient in tryptophane. Reports in 
the literature on the availability of 8-4-imidazoleacrylic acid in 
supplementing diets deficient in histidine are conflicting. No 
a-oximino acid has been studied in this connection. The oxime 
of pyruvic acid, however, has been shown to undergo reduction, in 
the presence of vigorously fermenting yeast, to alanine. 

The £-3-indoleacrylic acid was prepared by condensing §-3- 
indolealdehyde with malonic acid in the presence of pyridine and 
piperidine; the a-oximino-S-3-indolepropionic acid by condensing 
8-3-indolepyruvic acid with hydroxylamine. Neither product 
showed any capacity to replace tryptophane for purposes of growth 
under the experimental conditions employed. 
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BACTERIA AND THE SYNTHESIS OF CAROTENE AND VITAMIN A 


By CARL A. BAUMANN, H. STEENBOCK, anp MARY A. INGRAHAM 
(From the Laboratories of Agricultural Chemistry and Agricultural Bac- 
teriology, University of Wisconsin, Madison) 

By use of spectrophotometric, colorimetric, and biological 
methods of assay, carotenoids were found to be synthesized by 
many different species of bacteria. Certain bacteria produced 
carotene itself. The synthesis of vitamin A as such could not be 
demonstrated. Cultures which, on the basis of experiments with 
rats, were suspected of having produced vitamin A were found to 
have synthesized enough carotene to account for all of the vitamin 
A activity. 


THE THYROID AND CYANIDE METABOLISM 


By EMIL J. BAUMANN, DAVID § NSON, anp NANNETTE 
METZGER 


(From the Laboratory Division, Montefiore Hospital, New York) 


A study of the fate of potassium cyanide, methyl cyanide, and 
benzyl cyanide and the relation of thyroid to their metabolism is 
reported. Lang has shown that about 15 per cent of acetonitrile 
fed to dogs could be recovered in the urine as thiocyanate. From 
the urine of normal rabbits we have been able to recover as thio- 
cyanate 25 per cent or more of injected acetonitrile but only 3 to 5 
per cent from thyroidectomized rabbits. 

With potassium cyanide or benzyl cyanide, on the other hand, 75 
per cent or more of injected cyanide can be recovered as thiocya- 
nate from the urine of normal animals. After thyroidectomy the 
amount of thiocyanate excreted decreases temporarily, returning 
later to the preoperative ‘level. When inorganic thiocyanates 
were injected into rabbits, 80 to 90 per cent could be found in the 
urine. The recoveries in the case of benzyl cyanide and of potas- 
sium cyanide are therefore nearly complete and are only tempora- 
rily influenced by a lack of thyroid, whereas, with methyl cyanide, 
a relatively small part is excreted in the urine. 

This is another instance of the difficulty with which demethyla- 
tion takes place in the animal body and even this limited capacity 
of the body to deal with demethylation depends largely on the 
presence of thyroid. 
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THE EFFECT OF FEEDING AMINO ACIDS IN CASES OF MUSCULAR 
DYSTROPHY 
By HOWARD H. BEARD anv CARLO J. TRIPOLI 
(From the Departments of Biochemistry and Medicine, Louisiana State 
University Medical Center and the State Charity Hospital, New Orleans) 
10 gm. of glycine were fed daily to a patient with neuromuscular 
atrophy of 9 months duration. 10 gm. of glutamic acid were fed 
TABLE I 


Influence of Feeding Glycine and Glutamic Acid on Creatine-Creatinine For- 
mation in Cases of Muscular Dystrophy 


Amino acid, 10 gm. 
daily 


Total N 


3 


gm. 
Control 11.02 
Glycine 15.00 
Increase 36.1% 
Glycine 14.95 
Increase 35.6% 
Glycine 11.20 
Increase None 
W.B.S.,  pro- | Control 13.04 
gressive mus-| Glycine 14.01 

cular dystro- | Increase 7.4% 

phy Glutamic acid | 15.95 
Increase 22.3% 
M.R., psycho- | Control 7.24 

pathic inferi- | Glutamic acid 6.90 

ority com-| Increase None 

plex Glutamic acid 5.58 
Increase None 
Glutamic acid 6.38 
Increase None 


daily to a patient with progressive muscular atrophy of 21 years 
duration and to a case of “(psychopathic inferiority complex” with 
myatrophy from disuse. The effect of this treatment upon the 
creatine-creatinine metabolism is shown in Table I. 

The marked initial creatinuria after the amino acid therapy 
indicated increased creatine formation in the body. A disappear- 
ance of this creatinuria in a few weeks indicated a retention of 


; Average 24 hr. output 
| 
ME creatine | creatinine | 
gm. gm. 
1.86 1.54 
3.37 2.07 
81.2% | 34.4% 1 
2.19 1.36 
17.7% | None 
0.78 0.75 
None None 
J 1.88 1.50 
2.30 1.67 
22.3% | 11.3% 
1.73 1.28 
None None 
0.85 0.60 
0.94 0.57 
10.6% | None 3% 
0.89 0.60 0.34 
4.7% | None 17.3% F 
1.00 0.77 0.27 
17.6% | 28.3% | None 
B 
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creatine in the muscles. All patients are slowly recovering their 
strength and muscle tissue and are gaining in body weight. These 
findings are in agreement with results from about twenty similar 
cases being treated with glycine at the present time. 


A SPECTROGRAPH FOR THE RAPID QUANTITATIVE ESTIMATION 
OF VITAMIN A, AND DETERMINATIONS OF THE VITAMIN A 
CONTENT OF CERTAIN FISH OILS 


By CHARLES E. BILLS 


(From the Research Laboratory, Mead Johnson and Company, Evansville, 
Indiana) 


A spectrograph was constructed with quartz optical parts and a 
replica transmission grating, so as to give two adjacent spectro- 
grams, each 40 mm. wide by 80 mm. long. An optical wedge in 
front of the collimator provides means of revealing directly the 
intensity of the banded absorption due to vitamin A, and the 
unusual width of the spectra permits accurate evaluation of the 
bands of the standard solution and of the unknown. 

The spectrograms are read by a comparison scale based on pre- 
cision assays with 1000 rats on four fish oils—-salmon oil (a weak 
source of vitamin A), cod liver oil (the standard source), halibut liver 


oil (a very potent source), and the liver oil of Ophiodon elongatus. 
The latter was found to be the most potent known source of vita- 
min A. The liver oil of Anoplopoma fimbria is also extraordinarily 
potent in vitamin A, being somewhat superior to halibut liver oil. 
These two fishes, under the misleading popular names of ling cod 
and black cod respectively, are caught in quantity off the Pacific 
coast. 


FURTHER STUDIES ON THE UTILIZATION OF PARENTERALLY 
ADMINISTERED IRON 


By FRANKLIN C. BING, ESTHER M. SAURWEIN, anv VICTOR C. 
MYERS 
(From the Department of Biochemistry, School of Medicine, Western Reserve 
University, Cleveland) 
Recently Eve!cth, Bing, and Myers* reported that intraperito- 
neal injections of ferric chloride markedly stimulate growth, red 
* Eveleth, M. W., Bing, F. C., and Myers, V. C., Proc. Soc. Exp. Biol. 
and Med., (1933) in press. 
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blood cell production, and hemoglobin formation in milk-fed anemic 
rats. With the parenteral method of administration the iron is 
effective in very small doses and, contrary to what has been found 
when the iron is given by mouth, copper has no effect on the rate or 
extent of recovery. These results were obtained with rats that 
never had access to solid foods in the preexperimental period and 
that were restricted after wearing to whole Guernsey milk contain- 
ing 0.34 mg. of copper per liter. The Biazzo method, as described 
by Ansbacher, Remington, and Culp,’ was used to determine the 
copper. 

These experiments have now been repeated with milk obtained 
with special precautions to avoid any metallic contamination. 
The copper content, as estimated by the sodium diethyldithio- 
carbamate method,’ was only 0.14 mg. per liter. With this milk 
it was found that severely anemic rats recovered when 0.5 mg. of 
iron as ferric chloride was injected into the peritoneal cavity every 
other day. The daily administration by mouth of 0.5 mg. of iron 
plus 0.025 mg. of copper was also curative. 

Most of the rats also recovered when pure solutions of ferric 
chloride were added to the diet, but the rate of hemoglobin regen- 
eration was slow. The cure was accelerated by increasing the dos- 
age ofiron. Several animals, however, died within a few days after 
treatment with 0.5 mg. of iron by mouth was begun. None of 
these animals, which weighed about 50 gm., drank as much as 15 
ec. of milk per day during the period of oral iron administration. 
Apparently, anemic animals receiving 0.5 mg. of iron by mouth 
will recover only when they are able to drink 20 cc. or more of 
milk each day. 

The absorption of iron apparently plays a principal part in the 
production of hemoglobin by anemic rats. Those procedures 
which aim to increase the absorption of iron, such as increasing the 
dosage of pure ferric chloride administered by mouth, or injecting 
small amounts of iron intraperitoneally, accelerate the rate of 
hemoglobin production. No evidence has been obtained that 
would lead one to conclude that copper, in addition to the small 
amounts present in the milk as secreted by the cow, is needed when 
iron is administered intraperitoneally. 

7 Ansbacher, S., Remington, R. E., and Culp, F. B., Ind. and Eng. Chem., 
Anal. Ed., 3, 312 (1931). 
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SOME CHEMICAL AND PHYSIOLOGICAL PROPERTIES OF 
CALLICREIN* 


By FRITZ BISCHOFF anp A. H. ELLIOTT 


(From the Chemical Laboratory of the Potter Metabolic Clinic, Santa Barbara 
Cottage Hospital, Santa Barbara) 


Preparations of callicrein assaying 10 K.e. units per mg. were 
tested for stability to acidity, to heat, and to oxidizing and re- 
ducing agents. The substance is stable at the normal acidity 
range of urine (pH 5.0 to 8.0). At pH 1.3, 80 per cent, at pH 4.0, 
80 per cent, at pH 4.2, 70 per cent, and at pH 12.0, 80 per cent 
inactivation occurred in 1 hour at 20°. 5 minutes at 100° resulted 
in 80 per cent loss of potency; at 55° the loss was only 20 per cent. 
The substance was stable in aqueous H.S, HCHO, and Na,SO, 
solutions (0.01 m). It was inactivated by I and H,0,. By con- 
fining the adsorption and precipitation procedures to the condi- 
tions of stability established in the above experiments, a degree of 
purification to 400 K.z. units per mg. of nitrogen was attained. 

Certain physiologic properties of callicrein were compared with 
those of various organ extracts, notably an insulin-free extract of 
pancreas. Callicrein dilates the coronary arteries of the perfused 
rabbit heart to a greater extent than the purine derivatives, but 
extracts of skeletal muscle, of heart muscle, of liver, and of pan- 
creas are more vigorous coronary dilators. These organ extracts 
abolish ventricular fibrillation produced artificially in the per- 
fused rabbit heart, whereas callicrein has no such effect. Neither 
callicrein nor pancreatic extract produces heart block in the 
guinea pig, a supposedly specific test for adenosine and adenylic 
acid. 

Callicrein entirely inhibits the pressor effect of adrenalin (intra- 
venous injection) in the rabbit and protects this animal from lethal 
doses. The organ extracts tested do not have this property, with 
the exception of pancreatic extract which does so inconstantly. 

Adrenalin hyperglycemia is not influenced by callicrein. 


* Presented before the American Society for Pharmacology and Experi- 
mental Therapeutics. 


| 
. 
; 


xviii Scientific Proceedings. XXVII 


FURTHER OBSERVATIONS ON THE DIETARY PRODUCTION OF 
FATTY LIVERS IN RATS* 


By N. R. BLATHERWICK, E. M. MEDLAR, PHOEBE J. BRADSHAW, 
ANNA L. POST, anp SUSAN D. SAWYER 


(From the Biochemical Laboratory and the Hegeman Memorial Laboratory 
of the Metropolitan Life Insurance Company, New York) 


We reported previously the occurrence of fatty livers in rats fed 
diets containing whole liver. Experiments showed that a liberal 
allowance of carbohydrate in the diet does not prevent the deposi- 
tion of fat in the liver. It was also reported that feeding a dried 
70 per cent alcoholic precipitate of an aqueous extract of liver does 
not cause the livers to become fatty. It was also found that the 
feeding of residues from aqueous and from alcoholic extraction of 
liver does not produce fatty livers. 

This investigation has been continued with the following results. 
The addition of 0.1 per cent of desiccated thyroid to a diet con- 
taining 75 per cent of dried, whole liver has no effect on the deposi- 
tion of fat in the liver. When 1.7 per cent of egg lecithin is added 
to diets containing dried, whole liver, there is no marked effect in 
reducing the fat content of the liver. Such diets naturally contain 
large amounts of cholesterol and lecithin. Fatty livers may be 
easily produced by adding 1.0 per cent of cholesterol to diets 
containing liver fractions which are ineffective without the choles- 
terol. The addition of 1.7 per cent of egg lecithin to such diets is 
sometimes without effect and at other times it appears to reduce 
this fatty condition. It has been found that fatty livers occur 
when rats are fed diets consisting entirely of cooked egg yolks 
or of cooked whole eggs. The greater deposition of fat is found 
when the whole eggs are eaten. These two diets are somewhat 
comparable to the liver diets with respect to their content of choles- 
terol and lecithin. The blood of rats having fatty livers usually 
has a normal lipid content. The fatty acids of the abnormal 
livers appear to be those normally present. 


* Presented before the American Society for Experimental Pathology. 
8 Blatherwick, N. R., Medlar, E. M., Bradshaw, P. J., Post, A. L., and 
Sawyer, 8. D., J. Biol. Chem., 97, p. xxxiii (1932). 
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A FORMALDEHYDE-STABLE, PROTEOLYTIC BACTERIAL ENZYME 


By ALDEN KINNEY BOOR anp C. PHILLIP MILLER 
(From the Department of Medicine of the University of Chicago, Chicago) 


When to a suspension (equivalent to 0.25 per cent dried organ- 
isms) of certain bacteria formaldehyde was added in appropriate 
concentration, the rate of acid production was found to be greatly 
accelerated. The phenomenon was observed in the case of two 
strains each of Micrococcus catarrhalis and meningococcus and one 
of four strains of gonococcus studied. It was lacking in the case of 
a single strain each of pneumococcus, staphylococcus, and hemo- 
lytic streptococcus. 

The optimum concentration of formaldehyde was 27 mm per 
liter. At higher concentrations the rate of acid production was 
not so great, and at 135 mm no acid was formed. 

When the reaction of the suspension was maintained at pH 8.2, 
acid formation was inhibited. The maximum acidity developed 
by the suspension without adjustment with NaOH was pH 3.2, 
which was reached at the end of 4 days. The acidity developed 
most rapidly at temperatures between 37-50°. Complete inhibi- 
tion of the reaction was accomplished by treating the bacterial 
suspension (before the addition of formaldehyde) with 4 mols of 
ethyl alcohol for 2 hours, or by heating at 60° for 15 minutes, 75° 
for 5 minutes, or boiling for 1 minute. The salts of mercury, cop- 
per, and silver, in small concentrations, were inhibitory. Glycerol 
extracts were inactive. 

The reaction was increased by the addition of egg white, casein, 
or peptone to the bacterial suspensions. 


HEMATOPORPHYRIN, AN ARTIFICIAL PROTEOLYTIC ENZYME 
By M. J. BOYD 
{From the Laboratory of Biochemistry, University of Cincinnati, Cincinnati) 


Hematoporphyrin in the presence of visible or ultra-violet light 
and oxygen digests fibrinogen quickly ; serum albumin, slowly ; edes- 
tin, very slowly or not at all. The striking fact is that oxygen is 
necessary for the proteolytic action of this artificial enzyme, for if 
oxygen be replaced by hydrogen, very slight or no digestion takes 
place. The fibrinogen is converted into hydrolytic products 
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which are similar to those produced by the action of thrombin and 
rattlesnake venom on fibrinogen. This artificial system, which 
resembles digestive enzymes in action, supports the theory of Dr. 
A. P. Mathews that enzymes are conductors of energy. 


INHIBITION OF PEPSIN BY MUCIN 
By H. C. BRADLEY 
(From the Laboratory of Physiological Chemistry, University of Wisconsin, 
Madison) 

The effective clinical use of mucin in cases of gastric ulcer has 
raised the question of its behavior in gastric digests. Commercial 
mucin, prepared from hog stomachs, is a crude mixture from which 
considerable amounts of amino acids and peptides may be dialyzed. 
The highly viscous protein material remaining is almost completely 
resistant to peptic hydrolysis. When added to peptic digests of 
finely divided fibrin, it exerts a marked inhibiting effect on the di- 
gestion of fibrin. This inhibitory effect is most pronounced during 
the early period of digestion, and in optimal pH range. Thus at 
pH 1.3 fibrin alone digests completely in 5 hours. With mucin 
present it is 50 per cent digested in 5 hours; completely, in 24 hours. 
At pH 2.0 fibrin alone digests in 6 hours. With mucin present 
it is 50 per cent digested in 6 hours, and only 75 per cent digested in 
3 days. At this level there is considerable permanent inhibition. 
At pH 3 fibrin alone is digested very slowly, and the addition of 
mucin does not materially alter this speed. The results seem to 
indicate adsorption of the pepsin, thus reducing its effective 
concentration in the digestion mixture. 


FURTHER STUDIES ON THE ADMINISTRATION OF GLYCINE IN 
MUSCULAR AND NEUROMUSCULAR DISEASES* 
By ERWIN BRAND anv MEYER M. HARRIS 


(From the Departments of Chemistry and of Internal Medicine, New York 
State Psychiatric Institute and Hospital, New York) 


Metabolic studies have been carried out on a group of thirty-six 
patients with various muscular and neuromuscular diseases for 
diagnostic and therapeutic purposes. Out of this group, nine cases 


* Aided by a grant from The Chemical Foundation, Inc. 
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of progressive muscular dystrophy® have received varying amounts 
of glycine” (7.5 to 25 gm. daily per os) for a prolonged period of 
time (2 to 9 months). These patients ranged in age from 8 to 24 
years and presented various grades of severity of the disease. Six 
of these patients have been kept on weighed, meat-free, low purine 
diets and their urine has been collected daily for analysis. The 
three other patients, treated at home, have been kept under similar 
dietetic conditions and their urine has been examined at regular 
intervals. 

The metabolic effects of the prolonged administration of glycine 
were similar to those previously reported for shorter periods." 
The creatine excretion rose promptly and was maintained at this 
higher level throughout the glycine feeding period. The creatinine 
excretion, however, remained practically unchanged. 

The favorable therapeutic effects of glycine feeding reported by 
Thomas, Milhorat, and Techner®:“ in some of their cases of 
muscular dystrophy have not been noted in our muscular dys- 
trophy patients up to the present time. One patient (child, 
age 12 years), in spite of 2 months of glycine (7.5 gm. daily) therapy 
suddenly became more disabled (stopped walking). None of this 
group experienced the muscle sensations from glycine described 
by these investigators. Three of our recent cases, however, 
have noted such sensations. 

Boothby“ has treated several cases of muscular dystrophy with 
glycine and indicates that there was only questionable if any 
improvement. However, in cases of myasthenia gravis, he and 


® We are indebted to Drs. E. G. Zabriskie, A. M. Frantz, and C. C. Hare 
of the Neurological Institute for carefully examining these patients and 
confirming the diagnosis. 

© The glycine was supplied to us by the Caleo Chemical Company, Inc., 
of Bound Brook, New Jersey,.at a specially low price for these studies. 
They also started quantity production upon our suggestion. 

1 Brand, E., and Harris, M. M., Sunti comunicaz. sc., XIV cong. internaz. 
fisiol., Rome, 41 (1932). Brand, E., Harris, M. M., Sandberg, M., and 
Ringer, A. I., Am. J. Physiol., 90, 296 (1929). Brand, E., Harris, M. M., 
Sandberg, M., and Lasker, M. M., J. Biol. Chem., 87, p. ix (1930). 

1 Thomas, K., Milhorat, A. T., and Techner, F., Z. physiol. Chem., 
205, 93 (1932). Milhorat, A. T., Techner, F., and Thomas, K., Proc. Soc. 
Exp. Biol. and Med., 29, 609 (1932). 

18 Milhorat, A. T., Deutsch. Arch. klin. Med., 174, 487 (1933). 

“4 Boothby, W. M., Proc. Staff Meetings Mayo Clin., 7, 557, 737 (1932). 
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other investigators’ report marked improvement with glycine 
therapy. At our suggestion a case, diagnosed as myasthenia 
gravis, was treated with 15 gm. of glycine daily for a period of 3 
months (July to October, 1932) without any apparent improvement. 

The variable results thus far obtained with glycine therapy by 
different investigators are probably due to difficulties in differen- 
tiating the various types of muscular diseases. It is possible that 
even in cases which appear quite similar clinically, the pathogene- 
sis may be different. 

In this connection, we should like to call attention to the fact 
that only two (Cases 1 and 3) out of the eleven cases of muscular 
dystrophy reported by Milhorat® with case histories, showed defi- 
nite improvement upon glycine administration. It is worthy of 
note that in these two cases, before the experiment was started, 
the average daily excretion of creatine was only 0.02 and 0.03 gm. 
respectively on a creatine-free diet. Considering the fact that in 
these cases the disease had been present for 14 and 15 years and 
that it was associated with appreciable physical disabilities, the 
almost negligible degree of creatinuria would seem most unusual 
for progressive muscular dystrophy. This would lead one to sus- 
pect that the cases perhaps belong to a special clinical group which 
responds to glycine treatment. 

For this reason, one should, perhaps, venture the suggestion 
that these two cases and the few cases of muscular dystrophy with 
little or no creatinuria reported in the literature may belong in 
one group together with the cases of myasthenia gravis which have 
responded to glycine therapy. 

In previous communications," we had indicated that glycine 
had a sparing effect upon nitrogen and sulfur metabolism. It was 
also pointed out that the tissues of the body, rich in glycine (e.g. 
connective tissue and bone), might therefore be important sources 
of reserve protein when increased demands are made upon the 
body. Upon this basis, for example, we had proposed, several 
years ago (1928), to treat cases of Graves’ disease. We hope to be 
able to do so soon through the courtesy of Professor W. W. Palmer 
of the College of Physicians and Surgeons, Columbia University. 


% Remen, L., Deutsch. Z. Nervenk., 128, 66 (1932). 
4 Nedelmann, E., Mtinch. med. Woch., 70, 800 (1923). 
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We are indebted to the Research Committee of the Neurological 
Institute for their cooperation. 


APPLICATION OF THE LORENZ-PREGL TECHNIQUE FOR THE 
DETERMINATION OF SMALL AMOUNTS OF PHOSPHORUS IN 
BIOLOGICAL MATERIAL 


By RICHARD O. BROOKE ann ARTHUR H. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


The available methods for the determinations of phosphorus fall 
roughly into three classes: the macrogravimetric, requiring three 
separate precipitations and occupying a period of 3 days; the 
volumetric, a speedier but far less accurate method; and the colori- 
metric procedures that are used only when it is impossible to avoid 
them. It is with difficulty that the accuracy of colorimetric 
technique is kept within +5 per cent. 

The present report deals with an adaptation of the Lorenz-Pregl 
procedure whereby, in approximately 7 hours, as many as twelve 
gravimetric determinations can be made simultaneously on sam- 
ples containing less than 0.5 mg. of phosphorus, with an accuracy 
of +1 per cent. 

The material is digested with sulfuric acid and nitric acid and 
the phosphorus in the entire sample or in an aliquot of the digest 
weighed as ammonium phosphomolybdate. For the precipitation, 
drying, and weighing of the yellow precipitate, we have used the 
apparatus and have followed closely the technique described by 
Pregl. However, in order to carry on a number of determinations 
simultaneously, individual air-tight containers are employed, in 
which the filter funnels are placed as each one is ready for dehydra- 
tion. In this way, six or more are placed in a vacuum desiccator 
and subjected to suction at the same time. Each precipitate has 
therefore been exposed under precisely the same conditions. 

The funnels are readily prepared for future use by dissolving 
the ammonium phosphomolybdate with dilute ammonia water. 
This is followed by a few cc. of sulfuric-chromic acid mixture and 
about a liter of distilled water. Each funnel is fitted to a large 
suction flask and connected to a reservoir in such a way that a 
constant stream of water is drawn slowly through. The prepara- 
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tion of a dozen or so filter funnels becomes automatic and requires 
little attention. 

Tables I and II indicate the accuracy and applicability of the 
method. 


TABLE I 
Estimation of Phosphorus in Known Solution of Monopotassium Phosphate 


Phosphorus 


Satisfactory Recovery of Phosphorus (0.409 Mg.) Added to Bone and Casein 
Material P in sample P recovered 


é 


mg. 
0.41 
0.411 
0.411 
0.411 
0.410 
0.406 
0.408 
0.410 
0.412 


am 


Casein (crude) 
(low ash) 


RELATION OF IODINE LEVEL TO FAT DEFICIENCY AND 
METABOLISM 


By GEORGE O. BURR anv J. H. BEBER 
(From the Department of Botany, University of Minnesota, Minneapolis) 


A study was made of the effect of levels of intake of potassium 
iodide by rats suffering from fat deficiency. It is shown that 
the iodine level probably plays no part in the production of fat 
deficiency symptoms. 


Weight of precipitate en 
Theoretical Found 
gm. mg. mg. 
0.0565 0.818 0.821 
0.0564 0.819 0.819 
0.0566 0.818 0.822 
0.0564 0.818 0.819 
0.0564 0.818 0.819 | 
0.0565 0.818 0.821 | 
TABLE II 
Bone 
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THE RATE OF CHANGE OF ALKALI RESERVE AFTER INGESTION OF 
SALTS OF ORGANIC COMPOUNDS 


By JANE CAPE 
(From the Department of Physiological Chemistry, Medical School, 
University of Wisconsin, Madison) 

In a study made to ascertain the rate of change of alkali reserve 
after ingestion of salts of organic acids it was first necessary to 
determine normal variations of the acid-base equilibrium under 
basal conditions, as a control measure. Observations were made 
on seven normal individuals during the period from 7 a.m. to 12 
noon. Blood samples were taken at hourly intervals for deter- 
mination of the serum pH, CO, content, and total base. 

The CO, content and total base tended to run higher in all seven 
normals than has been reported by other investigators excepting 
Earle and Cullen,'’ whose data for CO, values were confirmed. 
In no case did the CO, of the serum rise more than 4 volumes per 
cent during the entire observation for any one individual. The 
levels for all three values, pH, CO:, and total base, in these norma: 
individuals studied under basal conditions showed no significant 
variations over a morning period of 5 hours. 

A further series of experiments was made on twelve normal 
subjects under basal conditions to determine the effect of ingesting 
6 gm. of sodium citrate. The blood was collected at half hour 
intervals up to 90 minutes, at which time the observations were dis- 
continued. In another series of eight subjects observations were 
made on the effects of the equivalent amount (5 gm.) of sodium 
bicarbonate. The amounts of salts given were based on the com- 
mon therapeutic doses. 

The maximum response occurred at times varying from 30 to 90 
minutes with the different individuals. The rise in alkali reserve 
after the ingestion of sodium citrate was slight, the action brief, 
and the values tended to approach the initial preingestion level 
at the end of the 90 minute period. Similar effects on the alkali 
reserve were observed from ingestion of sodium bicarbonate. 

It appears that the influence of a 6 gm. dose of sodium citrate or 
of a 5 gm. dose of sodium bicarbonate upon the acid-base condition 
of the blood is neither prolonged nor marked. 


1 Earle, I. P., and Cullen, G. E., J. Biol. Chem., 88, 539 (1929). 
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THE PREPARATION OF THYROGLOBULIN 


By J. W. CAVETT anp S. R. SELJESKOG 
(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis) 

The thyroid glands are frozen and sliced three times. 100 gm. 
of gland are extracted overnight with 300 cc. of isotonic saline 
solution. 

The filtrate from the above is adjusted to pH 7.4 and the protein 
fractionated with ammonium sulfate. The fraction cbtained be- 
tween 35 and 45 per cent saturation is retained. This precipitate 
of thyroglobulin is dissolved in water and precipitated at —5° with 
4 volumesofacetone. The precipitate is collected on a filter, in the 
refrigerator, and washed five times with acetone to remove water. 
It is then transferred to a large centrifuge tube and washed five 
times by centrifugation with cold ethyl ether which is freshly dis- 
tilled from sodium bisulfite. This removes most of the acetone 
from the protein. 

The precipitate is placed in a Soxhlet extractor and extracted 
for 40 hours with ethyl ether. Metallic sodium placed in the flask 
containing the ether removes traces of acetone or water which are 
extracted and prevents denaturation of the thyroglobulin. The 
protein is dried in a vacuum desiccator. It is dissolved in water by 
adjusting the pH to 7 with sodium hydroxide. The acetone pre- 
cipitation and ether extraction are repeated asabove. Attemptsat 
crystallization of the purified thyroglobulin have been unsuccessful. 
For analysis the lipid-free thyroglobulin thus obtained is placed in 
water, heat-coagulated, and the water changed until it becomes 
ammonia-free. The sample is dried on a steam bath. 


A STUDY OF PROGRESSIVE PSEUDOHYPERTROPHIC MUSCULAR 
DYSTROPHY IN CHILDREN AFTER THE ADMINISTRATION OF 
GLYCINE AND CREATINE 
By ALFRED CHANUTIN, H. R. BUTT, anp L. T. ROYSTER 
(From the Laboratory of Physiological Chemistry and the Department of 
Pediatrics, University of Virginia, University) 

Five cases in a family giving a history of progressive muscular 
dystrophy for five generations are being studied. The earliest 
symptoms have been detected in a child of 2 years and the severest 
form of the disease was seen in two cousins, aged 12 years. 
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One boy (B. 8.), aged 6 years, was chosen for a study of his 
metabolism during glycine (Caleo) administration. This child 
walked on his toes and was unable to rise from a bending position 
without “crawling up” his legs. After 2 weeks of glycine ad- 
ministration this boy was able to walk normally and rise from a 
bending position without assistance. The typical complaints of 
pain and formication as first described by Thomas and coworkers 
were noted. The creatine and creatinine output were only slightly 
affected. 

Two brothers, aged 9 and 12, were given creatine at home. Their 
metabolism was not studied. The complaint of pain and formica- 
tion was made after the 1st week’s administration. An improve- 
ment in appearance of muscular ability was definitely noted after 
the 1st month’s administration. After 4 months of creatine inges- 
tion, however, these subjects are becoming progressively worse in 
appearance and in their ability to perform work. 

A cousin (C. B.), aged 12, was admitted for a metabolic study 
during creatine administration. A decided improvement was 
noted in a relatively short time. The excretion of creatine and 
creatinine has been studied during a 3 month period. Changes in 
the creatine metabolism have been noted after administration of 
glycine to this creatine-fed subject. (The experimental data can- 
not be fully interpreted at this time.) 


THE ABSORPTION OF LEUCINE, VALINE, AND THEIR ISOMERS 
FROM THE GASTROINTESTINAL TRACT OF THE WHITE RAT 


By BARBARA W. CHASE 
(From the Department of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 

The rates of absorption-of leucine, valine, and their isomers 
from the gastrointestinal tract of the young white rat have been 
studied by the method of Cori as previously used in this labora- 
tory.'* The rate of absorption of the sodium salt of l-leucine over 
a 3 hour period was similar to that previously obtained (approxi- 
mately 43 mg. or 0.328 milli-equivalents per hour per 100 gm. 
of rat). The rate of absorption of the sodium salt of d-isoleucine 
(the naturally occurring form) was lower than that of the salt of 
lLleucine when fed in approximately the same concentration. 


18 Wilson, R. H., and Lewis, H. B., J. Biol. Chem., 84, 511 (1929). 
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The absorption of the sodium salt of the dl- or d-valine was 
more rapid than that of the sodium salt of J-leucine and little 
difference was observed in the rates of absorption of the sodium 
salts of the naturally occurring (d-) valine and the dl form. The 
sodium salt of dl-a-amino-a-methylbutyric acid (isovaline) was 
absorbed much less readily than was the corresponding salt of dl- 
valine. The rate of absorption of the sodium salt of isovaline was 
much less than that of the free amino acid. 


THE ELECTRICAL FORCES IN SYSTEMS CONTAINING BIOLOGICAL 
COMPONENTS 


II. MOLAL VOLUMES OF AMINO ACIDS, PROTEINS, AND CERTAIN 
RELATED SUBSTANCES 


By EDWIN J. COHN, THOMAS L. McMEEKIN, JOHN T. EDSALL, ano 
M. H. BLANCHARD 


(From the Department of Physical Chemistry in the Laboratories of Phys- 
tology, Harvard Medical School, Boston) 


Traube (1899) attempted to devise a system of atomic volumes 
in terms of which molecular volumes of organic compounds could be 
calculated in the polar solvent, water. The increment in molal 
volumes of alcohols and aliphatic acids yielded 16.1 for the CH: 
group. Comparable studies yielded 18.9 for the carboxyl, 5.4 for 
the hydroxyl, and 7.7 for the amino group. From this the atomic 
volume of carbon was deduced to be 9.9, of hydrogen 3.1, and of 
nitrogen 1.5.'* Caleulations made with this series of atomic 
volumes always resulted, however, in estimated molecular volumes 
too small by approximately 12 cc. per mol. 

Amino Acids—The apparent molal volumes of the amino acids 
may, however, be calculated with considerable accuracy from the 
atomic volumes of Traube. In this respect amino acids may be 
contrasted with other known organic compounds. Thus the 
molal volumes of aliphatic a-amino acids are: 


Alanine Leucine 


58.8 91.0 107.1 
60.6 91.3 107.5 


19 Nitrogen was assumed to vary somewhat, and oxygen even more, 
depending upon its valence and its position in the molecule (Traube, J., 
Samml. chem. u. chem.-techn. Vortr., 4, 255 (1899)). 
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The tighter packing of amino acids is believed to depend upon 
electrostriction of solvent molecules due to the Zwitier Ions, and to 
have profound physiological significance. As evidence for this view, 
and for the fortuitous nature of the agreement between these cal- 
culations and observations, may be cited the still smaller apparent 
molal volumes of amino acids of greater dipole moments, isomeric 
with alanine, valine, and leucine: 8-alanine, 58.8, y-aminovaleric 
acid, 90.2, e-aminocaproic acid, 104.9. The greater the electro- 
static forces surrounding the molecule, the greater the electro- 
striction and the smailer the apparent molecular solution volume. 

Amino Acid Compounds—Destruction of the Zwitter Jon nature 
of amino acids increases their molecular volumes. The formyl 
derivatives of glycine and leucine have been studied as well as 
hydantoin and leucine hydantoin. These compounds of amino 
acids are not Zwitter Ions, but weak acids. As such they are far 
more soluble in alcohol than amino acids, and like other organic 
compounds, their molecular volumes are greater than those cal- 
culated from Traube’s atomic volumes. 


Ethyl alcohol 
Acetic acid 


30.8 44.3 


* Because of the insolubility of the hydantoin of leucine in water, these 
measurements were made in 80 per cent alcohol. The values of uncharged 
molecules are generally larger in non-polar solvents; thus formylglycine is 
70.6 in water and 72.4 in 80 per cent alcohol. 


These results also lead us to associate the tighter packing in amino 
acid solutions with their charged condition, and suggest a criterion 
of Zwitter Ion structure. 

Urea—Urea, like the amino acids, increases the dielectric con- 
stant of water. It has accordingly been suggested that it was 


Molecular solution 
volumes Difference 
Calculated | Observed 
40.7 52.8 12.1 
38.1 50.7 12.6 
Hydantoin of leucine....................] 120.5 131.5* 11.0 
XUM 
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Zwitter Ion in nature,” a view opposed by Ebert.” On the basis 
of the above criterion the molecular solution volume of urea 
(see tabulation above) demonstrates that it does not exist pre- 
dominantly as a Zwitter Ion. The ratio of its solubility in water 
to that in aleohol (Nc,non/Nuo = 0.1794) is comparable to 
that of hydantoin (0.2589) and formylglycine (0.4567) rather than 
to glycine, being smaller because of its smaller molecular volume. 
Glycine, with the same molal volume as urea, has a ratio, smaller 
than 0.001, comparable to electrolytes rather than uncharged mole- 
cules. The solubility ratio, previously employed as a criterion 
of the electrostatic forces surrounding these molecules,” thus 
contrasts the behavior of the amino acids and urea, precisely as 
does the criterion of molecular solution volumes, leaving no doubt 
that urea is not to be regarded as a Zwitter Ion. 

Proteins—Proteins are no less Zwitter Jons than the amino acids 
of which they are composed. Their dipole moments presumably 
differ widely, depending upon the number and distribution of 
charges upon their molecules. Solubility reflects this distribution, 
increasing with the dipole moment and diminishing with the molec- 
ular volume. The molecular volumes of most proteins are three- 
fourths of their molecular weights, since their specific volumes 
are roughly the same, 0.73 to 0.76.% An exception is gelatin, 
0.682,%* which contains 25 per cent glycine. Zein contains as much 
of the largest amino acid, leucine, as gelatin of the smallest. Its 
specific solution volume is 0.76 and that of edestin, with a more 
normal amino acid distribution, 0.744.% The respective specific 
solution volumes calculated from those of the amino acids they 
contain, allowance being made for the water lost in peptide link- 
age, are: gelatin 0.69, edestin 0.73, zein 0.76. 

Denatured Proteins—The solution volumes of uncharged organic 
molecules are greater in alcohol and in benzene than in water. 
The solution volumes of amino acids and proteins decrease in alco- 
hol-water mixtures, due to increased electrostatic forces. Dena- 


® Devoto, G., Gazz. chim. ital., 60, 520 (1930); 61, 897 (1931). 

1 Ebert, L., Ber. chem. Ges., 64, 679 (1931). 

22 Cohn, E. J., McMeekin, T. L., Edsall, J. T., and Weare, J. H., J. Biol. 
Chem., 92, p. xliv (1931). 

*3 Svedberg, T., Kolloid-Z., 61, 10 (1930). 

* Krishnamurti, K., and Svedberg, T., J. Am. Chem. Soc., 62, 2897 (1930). 
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tured proteins are less soluble than native proteins. The hypothe- 
sis is suggested that in denaturation amino and carboxyl groups 
are brought sufficiently close together for their positive and nega- 
tive charges to come within the range of each other’s attraction 
spheres. A smaller dipole moment would result, anda partial loss 
of Zwitter Ion properties. When these are regained,” the attrac- 
tion between the positive and negative groups is first broken by the 
formation of protein salts, followed by their decomposition, and 
regeneration of the Zwitter Ion at its isoelectric point. 

Biological Environment—The small apparent molecular volumes 
and high solubility of amino acids and proteins of large dipole 
moments are associated with the orientation and the close packing 
of solvent and solute molecules. Further, the high dielectric 
constants of systems containing such components result in mutual 
solvent action and in reactions with electrolytes which conform 
approximately to ideal solution laws, even in the concentrated 
matrix, which is the biological environment. 


PHYSIOLOGICAL PROPERTIES OF THE ANTERIOR PITUITARY- 
LIKE HORMONE 


By J. B. COLLIP, D. L. THOMSON, ann HANS SELYE 
(From the Department of Biochemistry, McGill University, Montreal, Canada) 


Female rats receiving large doses of the anterior pituitary-like 
hormone of the human placenta show enlarged ovaries with 
large corpora lutea and follicular cysts; the anterior pituitary is 
also enlarged and there is evidence of thyroid hyperactivity. 
These effects cannot be maintained over long periods; in males 
and castrates, the pituitary and thyroid are not affected. The 
mammary glands undergo great development in intact virgin rats 
so treated, and actual secretion of milk may then be induced by 
castration. In hypophysectomized male rats, the hormone leads 
to increase of interstitial tissue and enlargement of accessory 
organs without checking degeneration of the germinal epithelium. 
In prepubertal hypophysectomized females, or in intact infantile 
females, it leads to formation of thecal luteinization; in adult hypo- 


*’ Mirsky, A. E., and Anson, M. L., J. Gen. Physiol., 13, 133 (1929); 14, 
725 (1931). Wu, H., Chinese J. Physiol., 6, 321 (1931). 
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physectomized females, it leads to continuous estrus from the 
shrinking ovary. 


PHYSIOLOGICAL PROPERTIES OF CERTAIN PITUITARY EXTRACTS 


By J. B. COLLIP, D. L. THOMSON, ann HANS SELYE 
(From the Department of Biochemistry, McGill University, Montreal, Canada) 


Methods are described for the preparation of various extracts 
from the anterior pituitary of beef, sheep, and pig. With suitable 
extracts, or combinations of extracts, it has been possible to obtain 
follicular development and formation of fresh corpora lutea in 
the ovaries of hypophysectomized rats, and rapid growth in 
hypophysectomized rats. 


FERMENTABLE SUGAR IN HEART AND SKELETAL MUSCLE 
By GERTY T. CORI anp JOHN O. CLOSS 


(From the Department of Pharmacology, Washington University School of 
Medicine, St. Louis) 


Muscle was either frozen and cut into thin slices, or submerged 
directly, without freezing, in ice-cold 0.5 n H,SO, and ground very 
thoroughly with sand. After precipitation with HgSO, and 
BaCO; reducing power was determined before and after yeast 
fermentation. The following values (in mg. per cent) were ob- 
tained. At true plasma sugar levels of 133 to 183 fermentable 
sugar of rabbit heart ranged from 46 to 64. This is considerably 
higher than fermentable muscle sugar values, which varied be- 
tween 16 and 33, at comparable plasma sugar levels. At plasma 
sugar levels of 56 to 78 (i.e., after insulin injection) heart sugars 
varied between 14 and 26, while muscle sugar was reduced to van- 
ishing proportions. During hyperglycemia, heart muscle was also 
found to contain more sugar than skeletal muscle. Rats fasted 
for 24 hours showed muscle sugars of 10 to 12 at plasma sugar 
levels of 80 to 120. Frog muscle contained the same amount of 
fermentable sugar, though the plasma sugar was only around 25. 
Short tetanic stimulation of rat muscle in situ or of excised frog 
muscle resulted in an increase in fermentable muscle sugar to twice 
the normal value or more. The rate of fermentation of the sugar 
of resting and of stimulated muscle was similar to that of glucose. 
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PROTEINS OF YEAST (SACCHAROMYCES CEREVISI2) 


By FRANK A. CSONKA 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


When studying the nutritive value of proteins by feeding exper- 
iments, the possible effect of the protein present in the yeast, 
which is added to supply certain vitamins, is generally disregarded 
by investigators. Information on the amino acid composition of 
yeast proteins is meager. Dreyer, in 1913, claimed that yeast con- 
tains two proteins, an albumin and a globulin. He used strong 
alkaline solvents to extract the proteins, a procedure which should 
be avoided, if possible, because of the danger of formation of secon- 
dary products. { 

Ether treatment of the yeast previous to extraction with water i 
and 10 per cent salt solution made it possible to extract 60 per cent 

! 


of the total yeast nitrogen. The yeast protein was prepared both 
by coagulation and by acidification methods applied to the salt 
extract. It is precipitated by ammonium sulfate at 70 to 80 per 
cent saturation. It is not precipitated by dilution nor by di- 
alysis of the salt extracts because of the presence of proteolytic 
enzymes, which decompose the protein rapidly on standing. A 
study of the physical behavior and amino acid composition of the 
yeast protein is under way. 


A RAPID METHOD FOR THE PREPARATION OF THEELIN 


By JACK M. CURTIS 


(From the Laboratory of Biological Chemistry, St. Louis University School of ' q 
Medicine, St. Louis) 

Zondek* has called attention to the presence of large quantities 
of estrus-producing material in the urine of pregnant mares. He ‘ 
found that hydrolysis with acid was necessary to render the com- ; 
pound soluble in ether. Though several reports on the nature of fi 
the compounds of mare urine have appeared, no method of extrac- ‘ i 
tion and purification of this material has been described. The a 
following rapid method has been used successfully. ( 

1. Acidification and Precipitation—(a) Urine is acidified with .. 

% Zondek, B., Klin. Woch., 9, 2285 (1930). 
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HCl to pH 1 (approximately) and kept at room temperature for 
1 week. (b) 5 to 15 gm. of sodium benzoate per liter of urine are 
added. (c) The urine is filtered and the precipitate dried. 

2. Ethyl Ether Extraction—(a) The precipitate is extracted 
with ethyl ether. (b) Wash the ether solution with strong NaOH 
until the pH of the aqueous phase is 8.5 to 9. (c) Extract the 
aqueous washings with ether. (d) The ether extracts are combined 
and distilled. 

8. Distribution between Butyl Alcohol-Petroleum Ether and Aqueous 
Alkali—(a) The residue from (2-d) is taken up in equal parts of 
butyl alcohol and petroleum ether and this solution is washed with 
Na2CO;. (6) The estrus-producing material is extracted from 
organic solvents with dilute alkali. (c) The alkaline solution is 
acidified and extracted with ether. (d) Ether is distilled. 

4. Semicarbazone Purification—(a) The residue from (3-d) is 
dissolved in ethyl alcohol and treated with semicarbazide. 
(b) Semicarbazone is recrystallized from ethyl alcohol; hydrolyzed. 
(c) Theelin is recrystallized from aqueous alcohol; m.p. 251—252° 
(uncorrected). 

This method of purification is remarkably simple when compared 
with the methods used to purify the material from urine of preg- 
nant human cases. There are only two distillations, both of ether 
extracts, in the four essential steps. The actual time for the prepa- 
ration of crystalline theelin from 5 gallons of urine should not ex- 
ceed over 10 hours. 

The yield of theelin is large, making it practicable to work up the 
urine to 5 to 10 gallon batches, eliminating the necessity of hand- 
ling large volumes of urine. From 10 gallons of urine it has been 
possible to isolate over 1 gm. of theelin having a melting point of 
251-252°. 

NITROGEN CONSERVATION AND HEMOGLOBIN CONSTRUCTION 
AS INFLUENCED BY IRON SALTS IN ANEMIC DOGS 


By FLOYD SHELTON DAFT 
(From the Department of Pathology, The University of Rochester School of 
Medicine and Dentistry, Rochester, New York) 
Whipple and Robscheit-Robbins®’ showed that anemic dogs on a 
diet devoid of nitrogen could be caused, by the administration 


*7 Whipple, G. H., and Robscheit-Robbins, F. 8., Am. J. Physiol., 92, 
362 (1930). 
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of iron salts, to regenerate considerable amounts of hemoglobin. 
These authors were led to believe that this indicated a conservation 
of nitrogenous material which otherwise would be wasted. 

The results of the experiments to be reported indicate very 
strongly that this explanation is correct. There is very good evi- 
dence of conservation of nitrogenous material which normally 
would be completely catabolized. Although no definite statement 
can be made on this point, there is no evidence that the iron salts 
cause an increase in the breakdown of tissue protein. There is 
some evidence that the anemic dog will break down more im 
than the non-anemic dog under identical conditions. 

Anemic dogs were kept for 3 weeks on a diet of sugar. During 
the last 2 weeks of this period ferric citrate, equivalent to 400 mg. 
of iron, was fed daily. The total urinary output of ammonia, 
urea, creatinine, creatine, uric acid, and of total nitrogen was 
determined. Control values were secured by conducting identical 
experiments on the dogs before they were made anemic or after 
normal hemoglobin levels had been restored. Further control 
values were obtained by experiments, on anemic dogs, in which 
iron salts were not added to the diet of sugar. 

During the feeding of ferric citrate to the anemic dogs there was 
a diminution in the output of nitrogen, principally in the urea 
fraction. The authors interpret this as indicating a conservation 
of nitrogenous material, which, were it not for the anemic condi- 
tion and the administration of the iron salts, would be completely 
catabolized. 


THE SEXUAL VARIATION IN THE GLYCOGEN AND FAT CONTENT 
OF THE LIVER 


By HARRY J. DEUEL, Jr. 
(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 

A difference in carbohydrate metabolism must exist between 
the sexes since it has been shown that women develop a much more 
rapid and pronounced ketonuria during fasting than do men.** 
Moreover, asimilar variation has been found in ratsand guinea pigs 
during fasting if diacetic acid is administered.*® In order to 

28 Deuel, H. J., Jr., and Gulick, M., J. Biol. Chem., 96, 25 (1932). 

2° Butts, J. S., and Deuel, H. J., Jr., J. Biol. Chem., 100, 415 (1933). 
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determine whether these discrepancies were associated with a 
lower carbohydrate reserve in the female animals, a determination 
of the glycogen and fat content of the liver and of the glycogen in 
the muscle was made in rats and guinea pigs. So that any dis- 
crepancies which might be attributed to a variability in the amount 
of food in the gastrointestinal tract at the beginning of the fast 
might be obviated, the animals in most cases underwent a prelim- 
inary fast of 48 hours, after which glucose was administered in 50 
per cent solution by stomach tube in a dose of 0.500 gm. per 100 sq. 
em. of body surface. The animals were killed after a subsequent 
fast of 24, 36, 48, or 72 hours, amytal being used as an anesthetic, 
and the liverand muscle samples were removed. Normal male rats 
have a higher glycogen content in the liver and a lower percentage 
of fat than do normal female animals. No definite sexual variabil- 
ity in liver glycogen could be demonstrated in guinea pigs (prob- 
ably due to a rapid glycogenolysis before the liver was removed, 
since we found high blood sugar values) but the fat content of this 
organ was invariably much higher than in the male guinea pigs. 
Ovariectomized rats gave results comparable with those of normal 
males, while the castrate females which received sufficient theelin 
to keep them in active estrus had glycogen stores comparable with 
normal females. No sexual differences in liver glycogen were ob- 


served in sexually immature rats. It is concluded that the differ- 
ence in ketolysis which obtains between the sexes may be traced to 
a smaller glycogen reserve in the females, probably as a result of 
a lower supply of ketolytic precursors. 


SPECTROPHOTOMETRIC STUDIES OF HEMOGLOBIN 
DERIVATIVES 


By DAVID L. DRABKIN anv J. HAROLD AUSTIN 
(From the Department of Physiological Chemistry and the John Herr Musser 
Department of Research Medicine, School of Medicine, University of 
Pennsylvania, Philadelphia) 

We have extended our spectrophotometric studies to certain 
hemoglobin derivatives which have not thus far received sufficient 
study by this technique. 

The absorption curves of hemin crystals (dissolved in 0.01 N 
NaOH) either oxidized in air or reduced with Na2S.0, are charac- 
teristic though flat and ill defined. Reduced hemin in alkaline 
solution combines with various nitrogenous substances to form 
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reduced hemochromogens which have an exceedingly intense, 
narrow region of absorption in the green (the a band) and a less 
intense and broader absorption towards the blue end of the spec- 
trum (the 8 band). Reduced hemochromogens are easily oxidized 
in air, yielding oxidized hemochromogens which also have charac- 
teristic spectra with the bands shifted toward the red and with a 
reversal in the strength of the a and 8 bands. 

We have devoted most of our attention to the following deriva- 
tives: pyridine hemochromogen prepared by the addition of pyri- 
dine (final concentration 8 per cent) to reduced hemin in 0.01 N 
NaOH; globin hemochromogen prepared by the addition of NaOH 
(final concentration 0.01 N) to reduced hemoglobin; and the sub- 
stances formed by the addition of pyridine to reduced hemoglobin 
or to oxyhemoglobin. 

The last mentioned derivatives seem of especial interest. On 
the addition of pyridine to reduced hemoglobin a characteristic 
orange-red precipitate is formed when the concentration of pyri- 
dine is 8 per cent; upon further addition of pyridine to a concentra- 
tion of 40 per cent the precipitate dissolves, yielding a solution with 
a characteristic reduced hemochromogen-like spectrum. This 
solution saturated in a tonometer with CO undergoes a change in 
color and the spectrum developed is very similar to, though not 
identical with, that characteristic of CO hemoglobin. Removal 
of CO by evacuation restores the original reduced hemochromogen- 
like spectrum. Upon exposure of the reduced pyridine-hemo- 
globin solution to air the spectrum of the solution is immediately 
changed to that of an oxidized hemochromogen. The latter spec- 
trum is also obtained on the addition of sufficient pyridine to oxy- 
hemoglobin; but in this case no precipitate forms. The addition 
of KCN to the solution oxidized in the air gives rise to a spec- 
trum indistinguishable from that of cyanhemoglobin prepared from 
methemoglobin. 

While the spectra of reduced and oxidized globin hemochromo- 
gen are in general similar to those obtained by adding pyridine to 
hemoglobin, we have not succeeded in producing either the CO 
derivative of the reduced globin hemochromogen or the cyanhemo- 
globin-like derivative of the oxidized globin hemochromogen. 
Oxidized globin hemochromogen on standing exposed to air under- 
goes a further change, yielding a spectrum very similar to the ill 
defined spectrum obtained on adding 0.1 n NaOH to methemo- 
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globin. These findings suggest the interpretation that the reduced 
and oxidized derivatives produced by the addition of pyridine to 
hemoglobin are closer analogues of oxyhemoglobin and methemo- 
globin, respectively, than other hemochromogens thus far studied. 


THE REMOVAL OF LACTIC ACID AFTER EXERCISE 


By H. T. EDWARDS, R. MARGARIA, anv D. B. DILL 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


Blood lactic acid in recovery decreases according to a formula of 
the type log y = a—bt, in which y represents excess lactic acid and 
tthe time. In most of our experiments in which the subject ran to 
exhaustion calculated values for lactic acid agreed with observed 
values within 2 or 3 per cent. A well trained athlete, running at 
11.6 miles per hour on a 2.5 per cent grade, continued for 5} 
minutes, starting in a normal state, for 6} minutes after bicarbon- 
ate ingestion, for 7} minutes while breathing 40 per cent oxygen, 
and for 23 minutes while breathing 13.6 per cent oxygen. In 
such experiments of short duration, the observed and calculated 
values for lactic acid do not agree during the first stage of recovery; 
i.e., during the first 5 or 10 minutes of recovery. The duration of 
this first stage was found to be roughly inversely proportional to 
the length of the experiment. 

Continuing our experiments of last year, in which samples of 
blood were withdrawn from the arm vein, femoral vein, and artery 
during recovery, we find that the divergence in lactic acid con- 
tent of such specimens of blood decreases as the period of exercise 
lengthens. This suggests that the divergence is due principally 
to the idle tissues acting asa sink. The rdéle of the liver in remov- 
ing lactic acid appears to be of secondary importance. 


THE REMOVAL OF IODOACETATE INHIBITION OF YEAST 
FERMENTATION 
By ELLEN EHRENFEST 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 


The differential inhibition of iodoacetate on the fermentation 
and oxidation of glucose by yeast is thought by Lundsgaard*® to be 


30 Lundsgaard, E., Biochem. Z., 250, 61 (1932). 
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the means of separating the two processes. Due to the presence of 
alcohol in the suspensions used by him we disagree with his inter- 
pretation for the following reasons. 

Both fermentation and oxidation of glucose by a 0.6 per cent 
yeast suspension are inhibited by 2} hours previous treatment with 
1:90,000 iodoacetate. Alcohol added to such a suspension is readily 
oxidized. Although the inhibition of fermentation is maintained 
indefinitely under anaerobic conditions with such concentrations 
of iodoacetate, a period of oxidation of alcohol of 3 hours restores 
50 per cent of the normal fermentation, and 5 hours, the normal 
rate. The apparent earlier recovery of oxidation of glucose can be 
explained by assuming that within the yeast cell the inhibitory ac- 
tion of the poison has been removed, and, if it could be measured, 
fermentation is also going on. Indeed, if transferred to nitrogen, 
such yeast shows a short period of fermentation. Oxidation of lac- 
tic acid is efficient in removing the inhibitory action. In the light 
of these experiments it is impossible to separate fermentation from 
oxidation by the iodoacetate procedure. 


THE RELATION OF IRON AND COPPER TO THE RETICULOCYTE 
RESPONSE IN ANEMIC RATS 


By C. A. ELVEHJEM anv M. 0. SCHULTZE 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


A study has been made of the daily changes in the hemoglobin, 
erythrocyte, and reticulocyte content of the blood of anemic rats 
when the milk diet was supplemented with iron alone, copper alone, 
and iron together with copper. The reticulocyte counts were made 
by the Friedlander and Wiedemer method and reported as num- 
ber of reticulocytes per c.mm. 

The addition of iron alone caused no significant change in the 
amount of hemoglobin, or the number of erythrocytes and reticulo- 
cytes. When copper was fed alone, no change was noted in the 
hemoglobin or erythrocytes, but there was a gradual increase in 
the number of reticulocytes. The maximum level of 1.2 millions 
per c.mm. was reached at about 8 days after the copper therapy 
was started. This high level often persisted for 8 to 10 days, with 
a gradual falling off thereafter. 
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The addition of iron and copper caused a very rapid reticulo- 
cyte response which reached a maximum of 1.6 to 1.8 millions per 
c.mm. 5 days after the iron and copper addition, and was followed 
by an almost equally rapid decrease to values approximately nor- 
mal. The hemoglobin and erythrocyte count made a steady and 
rather rapid increase during the same period. 

These results demonstrate that a typical reticulocyte response 
is obtained only when sufficient quantities of both iron and copper 
are supplied. The active material is probably a product formed 
by the interaction of the two elements in the animal body. Daily 
intraperitoneal injections of dilute hemoglobin solutions caused a 
decided and prolonged reticulocyte response, with only a slight 
increase in the hemoglobin and erythrocytes. The actual stimu- 
lation of reticulocyte formation may therefore be dependent upon 
the presence in the blood of hemoglobin or a closely related com- 
pound. 


THE IRON AND COPPER CONTENT OF EGG YOLK 


By STATIE E. ERIKSON, RUTH E. BOYDEN, J. HOLMES MARTIN, 
anp W. M. INSKO, Jr. 
(From the Department of Home Economics, University of Kentucky, 
Lexington) 


Determinations were made on the iron and copper content of 
yolks of eggs produced by hens given the same kind of all-mash 
ration, the differences in treatment being the administration of 
cod liver oil, sunshine, and open blue-grass range. Analyses for 
iron were made on 421 egg yolks and for copper on 212 egg yolks. 

The hens were kept in three pairs of pens. The hens of the first 
pair were confined without sunshine. Those of the second pair 
were confined with sunshine. Those of the third pair were allowed 
open blue-grass range. One pen of each pair had 2 per cent of cod 
liver oil added to the all-mash ration. 

The results showed that the lowest amounts of both iron and 
copper were found in egg yolks produced by hens kept in confine- 
ment without cod liver oil, sunshine, or blue-grass. The admin- 
istration of cod liver oil increased the amount of copper, sunshine 
increased it to about the same extent, and the effect of the two 
together was also about the same as that of either one alone. 
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The blue-grass range without cod liver oil showed a greater increase 
in the amount of copper in the egg yolk than sunshine alone, cod 
liver oil alone, or sunshine plus cod liver oil, while blue-grass plus 
sunshine plus cod liver oil showed the greatest increase of all. 

The administration of cod liver oil to the hens had the effect of 
increasing the amount of iron in egg yolk, in all cases, but it was less 
effective in doing so when given with sunshine or with sunshine plus 
blue-grass. The highest value for iron was found in the egg yolks 
produced by hens given cod liver oil but deprived of sunshine and 


blue-grass. 


FURTHER OBSERVATIONS ON THE CHEMISTRY OF INSULIN 
By E. A. EVANS, Jr., anp E. D. SCHOCK 


(From the Laboratory for Endocrine Research, the Johns Hopkins University, 
School of Medicine, Baltimore) 


Previous work has indicated that the physiological action of 
insulin is dependent upon the presence of free amino groups and 
disulfide linkages in the insulin molecule. Both the Folin and 
Sullivan methods for cystine give definitely lower values than that 
required by the total sulfur. Whether this discrepancy is due to 
the presence of an unkown sulfur-containing constituent, or 
whether it is due to the partial destruction of cystine, made ex- 
tremely labile by its mode of linkage, is problematical. It has 
been found, however, that under the very mildest conditions of 
alkaline inactivation the cystine shows a correspondingly small 
and definite decrease. This, in conjunction with the results ob- 
tained by a study of the behavior of insulin cystine under various 
other conditions, is in close agreement with previous findings, and 
indicates a relationship between physiological action and a portion 
of the cystine content of insulin. Evidence has also been obtained 
that a certain percentage of the free amino nitrogen of insulin is 
derived from the free amino groups of the cystine molecule. A 
study has also been made of the fraction containing non-amino ni- 
trogen found among the hydrolysis products of insulin. In addi- 
tion, the sensitivity of insulin to oxidizing and reducing agents has 
been further demonstrated by the finding that the hormone is inac- 
tivated by quinone and hydroquinone. 
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STUDIES ON THE DETERMINATION OF ALUMINUM IN ANIMAL 
TISSUES 


By DONALD F. EVELETH anv VICTOR C. MYERS 


(From the Department of Biochemistry, School of Medicine, Western Reserve 
University, Cleveland) 


A number of colorimetric procedures for the estimation of 
aluminum in animal tissues have been compared after both wet and 
dry ashing, and after separating the aluminum from other metals 
with the aid of three reagents, cupferron, thiocyanate, and sodium 
hydroxide. Aurin, alizarin, and 8-hydroxyquinoline have been 
used as the special reagents in the quantitative work, but aurin 
was found to be the most satisfactory, especially in the presence of 
minute amounts of aluminum. Although both aurin and alizarin 
gave identical figures on pure solutions, the results obtained on 
tissues were considerably higher when the alizarin method was 
employed. Data were obtained which indicate that the higher 
results obtained with alizarin were due to the presence of interfer- 
ing substances which react with alizarin but not with aurin. 

Analyses made on the tissue of the normal dog indicate that the 
values reported by Underhill and Peterman* with the use of aliz- 
arin are too high. Aluminum administered to dogs intravenously 
appears to be widely distributed in the tissues, although it is 
stored primarily in the liver and spleen, and also in the kid- 
ney. Some of the injected aluminum promptly appears in the 
bile and urine, but a considerable amount of the aluminum is 
retained in the tissues of the dog for a long period of time. These 
data suggest that normally very little aluminum gets into the 
tissue from the alimentary canal, since normally it is present only 
in traces, but when aluminum does get into the tissues, e.g. by the 
intravenous route, it is very slowly eliminated. 


REDUCTION BY OLIGOSACCHARIDES 


By MARK R. EVERETT anp BEATRICE G. EDWARDS 
(From the Department of Biochemistry and Pharmacology, University of 
Oklahoma Medical School, Oklahoma City) 

Glucose reducing equivalents obtained by nitrophenolic and 
cupric reagents show an increasing divergence with increasing 
% Underhill, F. P., and Peterman, F. I., Am. J. Physiol., 90, 15 (1929). 
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molecular weight of sugars. The ratio, glucose equivalent. by 
Sumner’s method to glucose equivalent by the Folin-Wu method, 
averages 1.35 for eight monosaccharides (exclusive of methyl- 
pentoses which have a higher ratio) and 1.55 for four disaccha- 
rides. (See also Greenwald, Samet, Gross.**) 

For higher oligosaccharides we find the following ratios: 2.35 for 
amylotriose prepared by Pringsheim’s method,* 4.3 to 5.0 for the 
reducing substances in c.p. dextrins, 4.5 for inulin (by Kiliani’s 
method), and 2.7 to 5.3 for soluble starches, the latter increasing 
with the blue iodine coloration. Similar high ratios are found for 
the Benedict-Osterberg picrate method to Benedict’s alanine 
cupric method, etc. These effects are due to decreased reduction 
of the cupric reagents by higher oligosaccharides and vary quanti- 
tatively with different cupric reagents. The Hagedorn-Jensen 
ferricyanide method gives results more like those obtained by the 
nitrophenolic methods. 

The absolute amount of reduction by different samples of soluble 
starch, dextrin, and inulin is variable, but the high ratios are con- 
stant, indicating the presence in these preparations of high molecu- 
lar reducing impurities similar to “limit dextrin,’ amylose octadex- 
trin, ete. Adding pure non-reducing polysaccharides to glucose, 
maltose, etc., does not alter the original low ratios of the latter. 
Early during acid hydrolysis of pure polysaccharides the expected 
high ratios appear. 


FURTHER EXPERIMENTS ON THE FAT METABOLISM HORMONE 
OBTAINED FROM NORMAL URINE 


By CASIMIR FUNK 
(From the Casa Biochemica, Rueil-Malmaison, France) 


It has been reported from this laboratory that we were able to 
confirm the work of Anselmino and Hoffmann*® about the existence 
of the fat metabolism hormone, with the important addition that 


*® Greenwald, I., Samet, J., and Gross, J., J. Biol. Chem., 62, 397 (1 
25). 

* Pringsheim, H., Ber. chem. Ges., 67, 1581 (1924). 

* Funk, C., and Zefirow, P. P., Sunti comunicaz. sc., XIV cong. internaz. 
fisiol., Rome (1932). 

* Anselmino, K. J., and Hoffmann, F., Klin. Woch., 10,2380, 2383 (1931). 
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the hormone was found in every normal urine, of man and animals, 
so far investigated. 

The new hormone is best obtained from fresh urine by using the 
benzoic acid adsorption method described elsewhere.* 2 liters of 
urine are treated with 60 gm. of benzoic acid, dissolved in a mini- 
mum of alcohol with shaking. The precipitate formed is imme- 
diately filtered on a Buchner filter, dissolved in alcohol, and the 
residue washed with alcohol and weighed. The residue still wet 
(between 2.5 and 4.5 gm.) is triturated with a normal ammonia 
solution, 24 cc. per 3.6 gm. of the material being used. Using 
lesser or larger quantities of ammonia results in losses of yield. 
This crude extract when injected into rats appears to be very toxic, 
with a potency of over 100 mg. of total acetone formed after 2 


TABLE I 
Weight and food utilization Analysis of carcasses 


gm. 


101) 568 .0/15.8 
controls. ....| 109) 551/2540/39.7/17.2) 193 
High fat; injected 121) 548/1396/21.8) 9.8) 160 
controls. ...| 105) 117 


SESE 


hours per 100 cc. of urine, instead of 5 to 6 mg. as found in the 
controls. The toxicity can be eliminated by adding to the first 
ammoniacal extract acetone up to 60 per cent. After centrifuga- 
tion of the large, in most cases inactive, precipitate, the active 
material is recovered from the supernatant fluid by acidification 
and addition of more acetone. The precipitate obtained is color- 
less, but yields when injected only 20 to 40 mg. of acetone per 
100 ce. of urine. Whereas the crude ammoniacal extract possesses 
a marked diuretic action and at the same time increases the size 
of the male organs, the purified extract exhibits no diuretic effect, 
while the influence on the male organs appears very much 
decreased. 


* Funk, C., and Zefirow, P. P., Biochem. J., 26, 619 (1932). 
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To study the physiological action the purified preparation was 
injected daily (in doses corresponding to 30 to 60 mg. of acetone 
production in 2 hours) into rats on a practically fat-free diet, on 
the one hand, and on a diet containing 40 to 73 per cent fat on the 
other hand. After 64 days the animals were killed and analyzed 
in toto. Asummary of the results is shown in Table I. 

The injected animals showed better gains in weight and this was 
especially marked in the group fed the high fat diet; upon discon- 
tinuing the injections a marked drop in weight usually occurred. 
Furthermore, the injected animals showed a better utilization of 
food, a diminished fat, and increased water content. The de- 
creased urinary flow on high fat diets has recently been described 
elsewhere.*” 

Next the response to a single injection on these two diets was 
investigated and it was found that on the high fat diet the response 
is less (81 mg. on the average) than on the fat-free diet (108 mg.). 
Changing the diet from a fat-free to a high fat diet decreases the 
amount of material adsorbed by the benzoic acid and causes a 
disturbance of the hormone excretion in urine; but no definite 
conclusions can be reached at present. The oxalated blood 
of the injected animals shows definite evidence of a continued 
chemical reaction on standing, as if the hormone action were fol- 
lowed by an enzymic reaction. This phase of the work is now 
under investigation. 

For the demonstration and determination of the hormone in 
urine the following short procedure is recommended. 5 to 20 cc. 
of urine are placed in a centrifuge tube, treated with 0.6 gm. of 
benzoic acid in alcohol, centrifuged, and the residue washed with 
alcohol. The residue is weighed, extracted with ammonia, in 
proportions given above, again centrifuged, and the supernatant 
liquid neutralized and injected. The response obtained is often 
as much as 50 mg. of acetone per 5 cc. of urine. 

In order to test whether the hormone acts directly or by way 
of the thyroid (thyrotropic hormone ?), a number of thyroidec- 
tomized rats were injected. The response was insignificantly 
lower than in normal controls. 


* Funk, C., and Zefirow, P. P., J. Physiol., 77, 29 P (1933). 
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FURTHER STUDIES OF ANTERIOR PITUITARY EXTRACTS 


By OLIVER HENRY GAEBLER 
(From the Department of Laboratories, Henry Ford Hospital, Detroit) 


In previously reported experiments** the globulin fraction of 
beef anterior pituitary glands, which stimulates growth, was 
injected into bitches for 1 or 2 days. The effects on the nitrogen 
balance, water intake and output, body weight, and energy metab- 
olism were then observed daily until the previous equilibrium was 
reestablished. In such experiments a very large increase in the 
nitrogen balance occurs during the week after injection, and is 
frequently followed by nitrogen loss during the 2nd and 3rd weeks. 
There are large increases in water intake and urine volume and sud- 
den but transient gains in weight. A remarkable increase in 
metabolism appears within 24 hours and gradually subsides in 4 to 
8 days after single injections. Simultaneously, the basal respira- 
tory quotients fall, owing to increased oxidation of fat, and return 
to their initial level. 

Studies of the same type have been continued in order to deter- 
mine (1) whether any one of the three characteristic responses 
(altered nitrogen balance, water balance, and energy metabolism) 
is due to a substance in the injected extract to which an animal 
establishes immunity after repeated injections, (2) whether the three 
reactions are also obtained with pituitary extracts that have little 
or no growth-promoting action, and (3) whether the results are the 
same in normal and thyroidectomized dogs. 

In one animal all three of the characteristic responses to the 
injection of extract suddenly disappeared, but after an interval of 
2 months all were again observed in the same animal after an injec- 
tion of another portion of the same lot of extract. 

The anterior pituitary-like substance from urine from a preg- 
nant case caused nitrogen loss instead of storage, and a very 
transient elevation of metabolism. An unpurified alkaline ex- 
tract of the whole pituitary gland of sheep, which does not stimu- 
late growth, caused nitrogen loss, but brought about an elevation 
of metabolism as striking and prolonged as that produced by the 
growth-promoting fraction of beef anterior lobes. The last men- 
tioned preparation produces all of its characteristic effects in 
thyroparathyroidectomized bitches kept in good condition by 
** Gaebler, O. H., J. Exp. Med., (1933) in press. 
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means of parathormone. The data are not as yet extensive 
enough to show whether the effect of this extract on metabolism is 
somewhat diminished in intensity after thyroidectomy, but the 
duration of the increase in metabolism appears to be unchanged, 
as are also the parallel changes in the respiratory quotient. 


THE PROBLEM OF HEN-FEATHERING IN SEBRIGHT COCKS 


By T. F. GALLAGHER, L. V. DOMM, ann FRED C. KOCH 
(From the Department of Physiological Chemistry and Pharmacology and 
the Whitman Laboratory, the University of Chicago, Chicago) 

The hen-feathering of the Sebright cock has been for some time 
the subject of much speculation and experimentation by sex physi- 
ologists. Morgan first ascribed the hen-feathering to a female 
secretion from the testes. Pézard claimed the Sebright testis 
exerted a feminizing action on the plumage of normally cock- 
feathered races as well as on the Sebright. Roxas from an exten- 
sive series of cross-transplantations concluded that the hen-feath- 
ering in Sebrights was a genetic character and a normal reaction of 
the soma to the testicular hormone. Benoit has recently reopened 
the question and postulates a plumage-inhibiting hormone which is 
secreted by the testes of all races but in the Sebright is present in 
such large amounts that plumage is transformed in the female 
direction. 

The solution to this problem is provided by the administration 
of highly purified testicular extract. This extract has no effect 
upon the plumage of cock-feathered races as has been shown be- 
fore and is amply confirmed by the controls in the present series. 
The extract in all cases produced perfectly typical hen-feathering 
in Sebright capons. Our results completely confirm the conclu- 
sions of Roxas and invalidate Benoit’s sole objection to his 
experiment. 


EFFECT OF ALKALI ON THE COMB GROWTH-STIMULATING MALE 
HORMONE 
By T. F. GALLAGHER anp FRED C. KOCH 
(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicago) 
Male hormone preparations obtained from bull testicle tissue 
and from human urine respectively were carefully assayed by the 
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comb growth method. These preparations behave differently 
when treated with 5 per cent alcoholic potassium hydroxide at 
the boiling point. Such treatment of the tissue extract product 
results in the rapid loss of the comb growth activity. However, 
the urinary product retains its activity under like treatment. 
Control experiments show that the loss in the case of the testis 
tissue product is not due to mechanical loss in the recovery by 
immiscible solvents nor to the production of toxic antagonistic 
substances. Although the biological activities of the tissue and 
urinary products appear to be identical, the resistance toward the 
action of alkalies is very different. Hence there must be a chemi- 
cal difference. 


STUDIES ON THE TESTICULAR HORMONE FROM HUMAN URINE 
By T. F. GALLAGHER anp FRED C. KOCH 


(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicago) 

The activity is first extracted from acidified urine by benzene. 
After evaporation of the benzene and re-solution in ether, consider- 
able inert material is removed by shaking with 10 per cent sodium 
hydroxide solution. The product thus obtained represents ap- 
proximately 1 mg. per unit. Distillation of this product at pres- 
sures of 0.01 to 0.1 » and temperatures up to 150° removes approxi- 
mately 40 per cent by weight of inactive material, with almost 
complete recovery of the activity in the undistilled residue. 
Treatment of this residue with various combinations of immiscible 
solvents results in approximately 70 to 75 per cent of recovery of 
the activity. The potency of the final product is of the order of 
0.15 to 0.2 mg. per bird unit. Redistillation of this product be- 
tween 150-200° at 0.01 to 0.1 » pressure now yields a distillate 
weighing 30 to 70 per cent of the product distilled. From the dis- 
tillate a mixture of oximes can be obtained. 


TECHNIQUE AND ACCURACY OF THE TESTICULAR HORMONE 
ASSAY 
By T. F. GALLAGHER anp FRED C. KOCH 
(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicago) 
The assay for testicular hormone by the capon comb growth 
method has been extended and improved. Statistical methods 
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demonstrate a correlation between comb size and the final growth 
obtained. Body weight of the animal has little significance. The 
2 day and 5 day periods are compared and characteristic curves 
presented for each. The accuracy of both methods is compared 
and a bird unit is redefined in terms of a standard to which the 
necessary corrections are applied. 


THE DIFFERENTIAL METABOLISM OF THE AMINO ACIDS 
By LOUIS P. GERBER, ERNST K. NIELSEN, anp RALPH C. CORLEY 


(From the Laboratory of Biochemistry, Department of Chemistry, Purdue 
University, Lafayette) 


There has been in progress and in project for a number of years 
an investigation of the treatment accorded by the tissues to the 
essential as contrasted with the presumably non-essential amino 
acids. Will there be detectable differences in the manner of dis- 
posal of these moieties under conditions of stress, specifically when 
there exists a hunger for nitrogen? 

In an earlier attack,*® the disposal of several amino acids was 
followed by analyses of blood and urine after oral and intravenous 
administration to fasting rabbits, and to dogs on rations low in 
protein. The results were suggestive but it has seemed desirable 
to employ more rigorous conditions of experiment before attempt- 
ing any generalizations. 

In the present study, we have determined the effect of a number 
of amino acids on the nitrogen and sulfur balances and on the 
urinary nitrogen to sulfur ratios of dogs maintained on nitrogen- 
low synthetic rations furnishing about 10 to 15 mg. of nitrogen 
and 80 to 90 calories per kilo of body weight. There has been 
found a distinct retention of a portion of the nitrogen of leucine, 
arginine, lysine, and histidine. With tyrosine there has been but 
questionable evidence of retention. While the results are some- 
what more variable with alanine, glycine, and glutamic acid, those 
recorded thus far give no evidence of retention of nitrogen, and 
indeed in several experiments there was a loss of extra nitrogen. 

The figures for sulfur excretion and the nitrogen to sulfur ratios 
offer no definite evidence of any influence of the administered 
amino acids on the metabolism of sulfur or the tissues containing 
sulfur. 


* Corley, R. C., and Goll, A., (1929-30) unpublished data. 
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THE EFFECT OF ELECTROLYTES ON THE OXYGEN-HEMOGLOBIN 
EQUILIBRIUM 


By ARDA ALDEN GREEN anp J. H. TALBOTT 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


The oxygen dissociation curve of the hemoglobin of the horse 
had been studied at pH 7.4 and 38° in solutions of varying concen- 
tration of sodium chloride. The pH of the equilibrated solutions 
was determined on the glass electrode. 

Both the shape and position of the curve depend upon the salt 
concentration. The curves are moved symmetrically to the right 
with increasing salt concentrations in concentrations of 0.1 m to 
2m NaCl. In lower concentrations of electrolyte the shape of the 
curve also changes. 

The effect may be most easily described if the per cent saturation 
is plotted against the logarithm of the oxygen tension and the 
resulting curve is assumed to be the sum of two curves in which 
the hemoglobin combines with 1 or with 3 molecules of oxygen at 
a time. 


THE SYNTHESIS OF HIPPURIC ACID IN RATS 


By WENDELL H. GRIFFITH 


(From the Laboratory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis) 


Since earlier investigations® of the effect of the reaction of the 
diet on the detoxication of benzoic acid in animals have not given 
concordant results, a study has been made of the influence of 
the reaction of the diet on the synthesis of hippuric acid in rats. 
A modification of the method which has been described previously 
was used.“ Survival, increase in weight, and excretion of hippuric 
acid were determined in groups of young rats fed an adequate 
food mixture plus a toxic quantity of benzoate. Sodium benzoate 
was slightly less toxic than an equivalent amount of benzoic 


4° Abderhalden, E., and Wertheimer, E., Arch. ges. Physiol., 206, 460 
(1924) ; 207, 215 (1925); 209, 611 (1925). Widmark, E. U. P., Biochem. Z., 
179, 272 (1926). Koch, C. E., Arch. exp. Path. u. Pharmakol., 121, 83 
(1927). 

“| Griffith, W. H., J. Biol. Chem., 82, 415 (1929). 
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acid. The addition of NaHCO; to sodium benzoate further de- 
creased the toxicity of the diet. The addition of 1 equivalent of 
NaHSO, or NH,Cl to benzoic acid increased the toxicity of the diet. 
In these experiments, an increase in the base of the diet exerted a 
favorable influence upon the detoxication of benzoate. 

The toxicity of the benzoate was markedly decreased either by 
glycolic acid or by glycolic acid plus 1 equivalent of NaHCOs. 
The effect of the administration of glycolic acid in these feeding 
experiments was the same as that resulting from the administration 


of glycine. 


THE DETERMINATION OF IRON IN BIOLOGICAL MATERIAL 
By R. F. HANZAL 


(From the Institute of Pathology and the Department of Biochemistry, School 
of Medicine, Western Reserve University, Cleveland) 


A study has been made of the reaction between ionic iron and 
thioglycolic acid with the intention of applying this reagent to the 
colorimetric determination of iron in biological material. It has 
been found that in low concentrations of iron, with a relative excess 
of the thioglycolic acid, the purple color developed is proportional 
to the concentration of iron. It has also been found that this 
reagent is specific for both ferrous and ferric iron in the range of iron 
concentration used in a quantitative method. The effect of inter- 
fering substances such as pyrophosphates is less pronounced than 
in the case of the reaction between ferric iron and thiocyanates. 
In order to eliminate the effect of interfering substances and also 
to concentrate iron in solution, a study was made of the quantita- 
tive precipitation of iron by means of cupferron, the ammonium 
salt of nitrosophenylhydroxylamine. 

The method applicable to all biological material essentially 
consists of (1) dry or wet ashing of the material with acid solution 
of the dry ash, (2) precipitation of iron by means of cupferron in the 
acid digest, (3) digestion of the ferric-cupferron precipitate, (4) de- 
velopment of color with thioglycolic acid in slightly ammoniacal 
solution and matching against an appropriate standard. 
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THE MALE HORMONE 


VI. FURTHER EXPERIMENTS ON THE EFFECT OF THE MALE 
HORMONE AND THE ANTERIOR PITUITARY 


Br BENJAMIN HARROW ann BARNET NAIMAN 


(From the Department of Chemistry, College of the City of New York, 
New York) 


anp CASIMIR FUNK 
(From the Casa Biochemica, Rueil-Malmaison, France) 
We have continued and extended the work already reported 
and which has found confirmation in the paper by Graber and 


TABLE I 


Per cent of total weight 


Seminal 
Ovaries | Vesicles Testes 


0.07 | 0.31 | 0.86 
0.5 cc. olive oil daily 0.07 | 0.26 | 0.58 
0.5 “ male hormone (in olive oil) daily 

(0.5 cc. = 5 cock units) s 0.09 | 0.55 | 0.64 
0.5 cc. diluted Squibb’s anterior pituitary* 

once daily L 0.07 | 0.66 | 0.96 
Same, but injected twice daily y 0.12 | 0.43 | 0.63 
0.5 cc. anterior pituitary, twice daily, + 

0.5 cc. male hormone i Died | 0.88 | 0.84 
Repeated above ' 0.13 | 0.91 | 0.61 


*1 cc. of the Squibb’s original solution, follutein, is equivalent to 1250 
rat units. We diluted 1 cc. to 312 cc. with distilled water, so that 1 cc. 
of the diluted material corresponded to 4 rat units, and the 0.5 cc. which 
we used for injection corresponded approximately to 2 rat units. The 
Squibb’s follutein was kindly supplied to us by Dr. J. A. Morrell of E. R. 
Squibb and Sons. 


Cowles.“ In these preliminary experiments we have, however, 
replaced the urine of pregnant women by a commercial preparation 
of the anterior pituitary hormone. 

For each of the following experiments six rats (four males and 
two females) were used, and the injections were carried on for 5 
days. The seminal vesicles and the testes in the male and the 

“ Funk, C., and Harrow, B., Am. J. Physiol., 101, 218 (1932). 

“8 Graber, H. T., and Cowles, R. A., Proc. Soc. Exp. Biol. and Med., 30, 
384 (1932). 
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tubes and the ovaries in the female were weighed and their per- 
centages in terms of the weight of the rat at the time of death were 
calculated. The averages are presented in Table I.“ 

The results fully confirm the accelerating effect on seminal 
vesicle growth when both the male hormone and the anterior pitui- 
tary are injected. The effect on the tubes in the female, if some- 
what less striking, is nevertheless evident. 

We are engaged in fractionating experiments on urine from 
normal and pregnant cases to determine whether fractions other 
than the so called “anterior pituitary fraction” have any effect in 
conjunction with the male hormone. These fractions have already 
been prepared by one of us (C. F.). 

PANCREATIC ENZYMES IN PERNICIOUS ANEMIA 
By O. M. HELMER, PAUL J. FOUTS, anp L. G. ZERFAS 
(From the Indianapolis City Hospital, Indianapolis) 

The fasting gastric contents and the duodenal juice after acid 
stimulation were studied in five normal controls and in twenty-two 
patients with pernicious anemia. The amylase, lipase, trypsin, 
and trypsinogen were determined. Though there was consider- 
able variation in the values found, pancreatic enzymes were always 


- present in the duodenal juice. Patients with pernicious anemia 
who had lowered amounts, especially of trypsin and trypsinogen, 
had moderate to advanced central nervous system involvement. 
The tryptic activity of the duodenal juice was considerably en- 
hanced by activation with enterokinase. The gastric contents of 
fasting subjects were of no value in determining the external secre- 
tory activity of the pancreas. 


AUTOLYSIS AS A METHOD FOR THE PREPARATION OF THERA- 
PEUTICALLY ACTIVE SUBSTANCES IN TISSUES 
By WILLIAM F. HERRON anv WILLIAM 8S. McELLROY 
(From the Department of Physiological Chemistry, School of Medicine, 
University of Pittsburgh, Pittsburgh) 


We have observed that autolysis increases the therapeutic 
activity of liver in the treatment of pernicious anemia“ and certain 


“ We are indebted to Dr. Perla, of the Montefiore Hospital, New York, 
for the histological work connected with these experiments. 
“ Herron, W. F., and McEllroy, W. S., Science, 76, 127 (1932). 
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types of secondary anemia. In pernicious anemia the increase in 
potency applied to all of the characteristic features of a favorable 
response to liver therapy, as increase in red blood cells, white blood 
cells, reticulocytes, and platelets, with reduction in coagulation 
time and improvement in symptoms, especially those referable to 
the nervous system. With reference to platelet formation a strik- 
ing response to autolyzed liver was observed in the two cases of 
purpura hemorrhagica treated. To explain the increased activity 
after autolysis, we have considered two obvious possibilities: 
(1) by producing a more or less complete physical disintegration 
of the tissue, autolysis favors more complete extraction of the sub- 
stance or substances already present in the tissue in the active 
form; (2) that an actual increase in the active substance or sub- 
stances occurs. We are inclined to the view that increased activ- 
ity is due to an actual increase in the active substance, because in a 
case of typical pernicious anemia a favorable response was obtained 
from autolyzed beef muscle. Application of the method to the 
preparation of other tissue extracts is being investigated. 


THE GASOMETRIC METHOD FOR THE ESTIMATION OF CYSTEINE 
AND CYSTINE 


By W. C. HESS 


(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 


Baernstein® has described a method for the determination of 
cysteine and cystine based upon the reaction of cysteine and 
cystine, after reduction, with iodine in strongly acid solution. 
The excess iodine is estimated in the Van Slyke apparatus by allow- 
ing it to react with alkaline hydrazine and measuring the liberated 
nitrogen. The possible errors in this method will be shown to be 
due to the reaction of iodine with certain hydrolytic decom- 
position products which may not, necessarily, be due to cysteine. 


“ Baernstein, H. D., J. Biol. Chem., 89, 125 (1930). 
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EFFECT OF ULTRA-VIOLET IRRADIATION ON THE VITAMIN B 
COMPLEX 


By ALBERT G. HOGAN anp LUTHER R. RICHARDSON 


(From the Departments of Animal Husbandry and Agricultural Chemistry, 
University of Missouri, Columbia) 


Some of the precautions adopted in our original procedure have 
proved unnecessary. The rats are prepared for use by placing 
them, and their mothers, on the experimental ration at the age of 
15 days. They are transferred to metal screens at the same time, 
and are weaned when 21 days old. The experimental ration con- 
sists of casein, leached with acidified water 20, commercial sucrose 
71, cellulose 3, a mineral mixture 4, and cod liver oil 2. A mixture 
of equal parts of tikitiki and liver extract is used as a source of 
water-soluble vitamins. This is irradiated for 15 hours in a thin 
layer, with constant stirring. The depletion period is omitted. 

Dermatitis has not appeared when corn-starch was substituted 
for sucrose, and the gains in weight were normal. When 13 parts 
of butter, lard, or Crisco were substituted for an equal amount of 
sucrose, dermatitis did not always develop, and the survival pe- 
riods were appreciably longer. 

The lesions were healed by untreated tikitiki, but were succeeded 
by others of a different external appearance. Dermatitis did not 
develop when irradiated vitamin B carriers were supplemented 
with autoclaved tikitiki, but the mortality rate was not reduced. 
The untreated liver extract afforded partial protection but this 
was lost on heating in an autoclave. Fullers’ earth activated with 
yeast healed the lesions promptly. Vitamin B supplements irradi- 
ated through ordinary window-glass showed little or no loss in 
activity. 


CALCIUM AND PHOSPHORUS STORAGE IN GROWING CHILDREN 


By HELEN A. HUNSCHER, FRANCES COPE, ALICE NOLL, anp 
ICIE G. MACY 


(From the Research Laboratory of the Children’s Fund of Michigan, Detroit) 


Twelve children ranging from 3 to 10 years of age have been 
maintained on acid-base mineral balance studies under identical 
experimental conditions during two to twenty consecutive 5 day 


j 

XUM 


Ivi Scientific Proceedings. XXVII 


periods. The diet was kept constant in mineral content at all 
times except for four children who received an addition of 600 gm. 
of whole milk, during four to eight consecutive periods. Only the 
calcium and phosphorus retentions on 58 balance studies including 
twenty, fourteen, thirteen, and eleven consecutive periods for four 
children respectively are herein reported. When the basal diet 
contained 1 gm. of calcium, the average retentions were 0.26, 0.31, 
0.30, and 0.48 gm. per day, but when the calcium intake of the 
first three children was increased to 1.9 gm. per day the average 
retentions were increased to 0.55, 0.64, and 0.67 respectively. In 
a like manner the basal diet containing 1.3 gm. of phosphorus 
gave average retentions of 0.36, 0.40, 0.35, and 0.43 gm. respec- 
tively for the four children, whereas an increased intake to 2 gm. for 
the first three children resulted in the storage of 0.6, 0.58, and 0.52 
gm. respectively. There was an appreciable variation of retention 
from period to period on each level of calcium and phosphorus 
intake. Furthermore, there was a distinct difference not only in 
the amounts retained on the two levels of calcium and phosphorus 
in the food intake but also in the magnitude of retention in the 
individual children. 


A NEW METHOD OF DETERMINING THE FRAGILITY OF BLOOD 
PLATELETS 


By DON D. IRISH 
(From the Laboratory of Biochemistry, University of Cincinnati, Cincinnati) 


Blood platelets may be caused to disintegrate by a hypotonic 
solution of sodium chloride. The platelets to be tested are washed 
free from plasma and suspended in 0.85 per cent sodium chloride. 
A measured quantity of suspension is added to a series of tubes 
containing varying concentrations of sodium chloride and a small 
quantity of calcium chloride. After allowing a definite time for 
disintegration, a portion of platelet-free plasma or a solution of 
blood fibrinogen is added, thus completing a clotting system. In 
the tubes where disintegration has occurred clotting will occur. 
The fragility is expressed as the concentration of sodium chloride 
just sufficiently hypotonic to cause disintegration of enough plate- 
lets to facilitate rapid clotting. 
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THE CHEMICAL STUDIES OF TOAD POISONS 


By H. JENSEN, K. K. CHEN, anp A. L. CHEN 


(From the Laboratory for Endocrine Research, the Johns Hopkins University, 
School of Medicine, Baltimore, and The Lilly Research Laboratories, 
Eli Lilly and Company, Indianapolis) 


From the secretion of different species of toads, various princi- 
ples have been isolated. These may be classified in three main 
groups: (1) basic constituents ((a) epinephrine, (b) bufotenines), 
(2) bufagins, and (3) bufotoxins. 

The bufotenines are obtained as flavianate salts; some of these 
compounds raise the blood pressure and stimulate smooth muscle. 
Evidence has been obtained that they contain the indole ring 
structure. They seem, however, not to be related to the betaine 
of tryptophane, as has been suggested by Wieland and coworkers. 

The bufagins are unsaturated neutral compounds containing a 
lactone group and several hydroxyl groups, one of which is linked 
to a fatty acid, e.g. formic acid or aceticacid. They havea physio- 
logical action on the heart similar to that of the digitalis glucosides. 

The bufotoxins are composed of the corresponding bufagins 
linked to suberyl arginine. Their physiological action is similar 
to that of the bufagins. 

There seems to exist a chemical relationship between some of 
the bufagins and the cardiac aglucones of the plant kingdom, as 
there is also a close pharmacological resemblance. The chemistry 
of marinobufotoxin, of marinobufagin, of cinobufagin, and of 
bufotalin chloride has been studied in more detail. The empirical 
formula for cinobufagin, obtained from Ch‘an Su, is CosH320s, 
and for marinobufagin, obtained from Bufo marinus, CoH 20s. 
By splitting off the acid radical which is attached to a hydroxy 
group (acetic acid from cinobufagin and formic acid from marino- 
bufagin), one obtains compounds which are C,; derivatives, as are 
the aglucones of the plant glucosides. 

From the secretion of Bufo arenarum a sulfur-containing com- 
pound was obtained which is identical with bufothionine, isolated 
by Wieland and coworkers from the secretion of the Japanese toad. 
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DIGESTION STUDIES IN VITRO. SOME PARTIAL CLEAVAGE 
PRODUCTS FROM A PEPTIC DIGEST OF CASEIN 


By D. BREESE JONES ann CHARLES E. F. GERSDORFF 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


In connection with preliminary experiments on the rate of 
liberation of certain amino acids from proteins when digested 
in vitro, an examination was made of some partial cleavage prod- 
ucts of casein after 1 hour’s digestion with pepsin. Two main 
fractions were separated. Fraction A, a flocculent, gelatinous 
material suspended in the digest, amounted to about 29 per cent 
of the original casein. A small fraction, Fraction C, was also ob- 
tained by adjusting the filtrate from Fraction A to pH 6. It 
represented only about 1.3 per cent of the original casein. Frac- 
tion C represented the soluble portion remaining in the digest 
after removal of Fraction B. 

Analyses of the two main fractions showed striking differences 
in composition. Fraction A contained nearly all the phosphorus 
of the original casein, while Fraction C had practically all of the 
cystine. Fraction C contained more than 4 times as much trypto- 
phane as was found in Fraction A, and nearly 2 times as much tyro- 
sine. It also contained most of the basic nitrogen. 


CREATININE DETERMINATION WITH THE PULFRICH 
PHOTOMETER 


By BEATRICE KASSELL 


(From the Department of Chemistry, New York State Psychiatric Institute 
and Hospital, New York) 


The quantitative absorption spectra of picric acid, of sodium 
picrate, and of the red tautomer of creatinine picrate (formed in 
the Jaffe reaction) were determined with the aid of the Pulfrich 
photometer. Thus the conditions were established for a spectro- 
photometric determination of creatinine. Filters S-50 and S-53 are 
used: No. S-53 for higher concentrations of creatine or creatinine 
(urine and muscle), No. S-50 for lower concentrations (blood and 
small amounts of muscle). 

Although Beer’s law apparently holds true over the range in 
which determinations can be carried out, minor deviations occur, 
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owing to the fact that the filters are not strictly monochromatic. 
It is therefore necessary to prepare calibration tables. The ex- 
tinction coefficient of a solution containing 1 mg. of creatinine, 20 
ec. of 1.2 per cent picric acid, and 1.5 cc. of 10 per cent sodium 
hydroxide in 100 cc. is 0.433 with Filter 8-53 and 1.159 with Filter 
8-50. (The absorption due to sodium picrate is excluded from 
the measurement by placing an alkaline picrate solution in front 
of the opposite aperture of the photometer.) Creatinine may be 
determined in quantities as small as 1 y (0.2 y with microequip- 
ment). 

Spectrophotometric determinations of creatine in urine show 
that the colorimetric method gives results sometimes as much as 
10 per cent too high, depending on the method used. 

The advantages of the spectrophotometric determination of 
creatinine are manifold. The green colors of Filters 8-50 and 8-53 
cause less eye fatigue and increase the accuracy and speed of read- 
ing. Interfering colors like that of impure picric acid and those 
formed in the autoclaving of urine are filtered out. Determina- 
tions with the Pulfrich photometer are carried out more rapidly 
than with the colorimeter, because it is no longer necessary to pre- 
pare standards, and the creatinine content of almost any solution 
may be ascertained directly from the calibration tables. 


THE PHYSIOLOGICAL ACTION AND THE CHEMICAL NATURE OF 
THE ACTIVE PRINCIPLE IN THE SUPRARENAL GLAND 
ESSENTIAL TO LIFE 


By EDWARD C. KENDALL, HAROLD L. MASON, BERNARD F. 
McKENZIE, anp C. 8S. MYERS 
(From the Division of Chemistry, The Mayo Foundation, Rochester, 
Minnesota) 

A method for the separation of the active principle from the 
suprarenal gland essential to life consists of an extraction with 
acetone in the presence of sulfuric acid at pH about 3. In the 
absence of the acid the amount extracted with acetone is only a 
small percentage of the total amount present. After concentration 
of the acetone solution to a small volume, the epinephrine, hex- 
uronic acid, lactic acid, and other substances are removed with 
lead acetate and sodium bicarbonate in the presence of methyl 
aleohol and acetone. From the fraction soluble in acetone the 
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last traces of epinephrine are removed with solid lead nitrate and 
anhydrous potassium carbonate. 

If the administration of the hormone to a dog after double 
suprarenalectomy is stopped, the dog will not live more than from 
4 to 7 days. Although the blood volume is low at time of death, 
this is only one of many changes which develops. It does not 
appear to be the primary cause of death. 

The hormone appears to consist of three parts. The identity of 
these three parts and the chemical groups which are involved in 
the links between the three parts, together with the possible ex- 
planation of the chemical reactions involved and physiological 
significance of the compound, will be given. 


REPRODUCTION AND LACTATION IN THE ABSENCE OF THE 
PARATHYROID GLANDS AND THEIR PROBABLE FUNCTION 


By F. L. KOZELKA 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


Thyroparathyroidectomized dogs can complete a life cycle 
including reproduction and rearing of the young provided a 
sufficient amount of vitamin D is fed to maintain a normal serum 
calcium and phosphorus level. Growing puppies required 26.6 
Steenbock rat units, while gestating females required a progres- 
sively increasing amount up to the day of parturition, when they 
required 26,000 rat units. 

Rachitic dogs with subnormal serum calcium and phosphorus 
level were found to be immune to 80 units of Collip’s parathor- 
mone. Intravenous injection of CaH,(PO,). or the addition of 
lactose to the diet for 5 weeks did not destroy the “immunity” 
even though the lactose increased calcium and phosphorus ab- 
sorption. Feeding 26.2 rat units of vitamin D daily did not cause 
a response to the parathormone until at the end of the 3rd week, 
while irradiation for 1 hour daily caused a reaction to the para- 
thormone immediately. Parathyroidectomized dogs did not 
respond to irradiation regardless of the length of time they were 
exposed to the light, indicating that the parathyroid hormone 
functions by liberating the vitamin D from the cutaneous and 
subcutaneous tissues and making it available to the animal. 
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THE METABOLISM OF CITRIC ACID 
By ADRIAN C. KUYPER anp H. A. MATTILL 
(From the Laboratory of Biochemistry, State University of Iowa, Iowa City) 


The metabolism of citric acid is closely related to the acid- 
base balance, as suggested by Ostberg, but also to metabolic 
processes in general. A short period of vigorous muscular exer- 
cise, perhaps because of the attendant production of lactic acid, 
causes a prompt decrease in the amount of citric acid excreted; 
an alkalosis produced by accelerated breathing quickly increases 
the amount. Immediately following a meal and after large doses 
of citric acid itself, there is an increased excretion in the urine. 

A comparison between the small changes in blood citrate pro- 
duced by administration of alkali to a rabbit and the rapid de- 
crease in the blood citrate of a fasted rabbit indicates that the 
nutritive condition of the animal is the more important factor in 
determining the citrate content of the blood. When citrate is 
fed to a fasted rabbit, the concentration in the blood increases 
only slightly and for a brief period. Analyses of blood drawn 
from the arterial system and from the renal vein indicate that 
citrate is not made by the kidney. The opposite conclusion, 


which has been suggested by others, may have its basis in the 
interference of inorganic salts in the accurate determination of 
citrate by the Thunberg methylene blue method. 


EFFECT OF STARTLE ON ELECTROCARDIOGRAM AND RESPI- 
RATION FOLLOWING INJECTION OF ADRENALIN* 


By CARNEY LANDIS 
(From the Department of Psychology, New York State Psychiatric Institute 
and Hospital, New York) 

Electrocardiographic records (Lead II) and pneumographic 
tracings were taken on a group of normal individuals. At inter- 
vals during the first 30 minutes of the experiment the subject was 
stimulated by a yell, horn, or bell. Heart and respiratory trac- 
ings were made before and after each stimulation. Then 1.25 ce. 
of adrenalin were administered intramuscularly. Subsequent to 
the adrenalin, the same stimuli were employed at irregular inter- 


* Presented before the American Physiological Society. 
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vals. The records were analyzed particularly for the relationship 
existing between the point in the cardiac or respiratory cycle at 
which the stimulation took place and the appearance of any 
variety of cardiac or respiratory irregularity. 

We found: (1) Electrocardiographic irregularities of a variety of 
forms occasionally occur in the first heart beat following stimula- 
tion. Some of these changes are due to the heart itself; others are 
technical artifacts. (2) Confirming the previous reports of Landis 
and Slight, Messerle, and Blatz on non-adrenalinized subjects, the 
time of stimulation with respect to cardiac or respiratory cycle was 
directly related to the production of ‘‘cardiogram irregularities.” 
(3) Stimuli which occurred during the adrenalinized state were 
no more effective in producing changes in pulse rate than stimuli 
at other periods. (4) Of the stimuli which produced a galvanic 
skin response, there was no difference which could be attributed 
to the adrenalin. Factors in the control of the heart, which are 
illustrated by the electrocardiographic irregularities, as well as 
the relation between the temporal point of stimulation and the 
“cardiogram irregularities,” are considered. 


THE OXYGEN EQUIVALENTS OF THEELIN AND THEELOL AND OF 
SOME OF THEIR DERIVATIVES 


By LOUIS LEVIN, D. W. MacCORQUODALE, SIDNEY A. THAYER, 
anD EDWARD A. DOISY 
(From the Laboratory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis) 


Quantitative determinations of the oxygen-consuming power of 
theelin and theelol and of some derivatives of these compounds 
have been made in an effort to gain some insight concerning the 
constitution of these substances. The method used was that 
developed by Smith and Spoehr (1930), involving the oxidation of 
the organic substance by means of potassium permanganate in 
pyridine solution, the excess of the oxidizing agent being estimated 
by reduction with a standard oxalic acid solution and titration of 
the remaining oxalic acid with standard aqueous permanganate. 

In the case of theelin and its derivatives well defined end-points 
were obtained, the reduction of the potassium permanganate 
practically ceasing after a few hours. In no case were the results 
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so satisfactory with theelol and its derivatives. With these com- 
pounds there was a well defined slackening in the rate of reduction 
of the permanganate but no point was reached at which the reac- 
tion was obviously at an end. Permanganate continued to be 
consumed at a slow and constant rate for many hours after the 
initial rapid oxidation was over. This was, no doubt, due to 
gradual oxidation of the primary oxidation products. 

It was found that 30° was the most satisfactory temperature for 
these oxidations. At this temperature the initial oxidation was 
more rapid than at 25° and the change in the rate of oxidation was 
more sharply defined. 

In all cases methylation of the phenolic hydroxyl group resulted 
in a decrease in the oxidation equivalent but this decrease was not 
constant for the different compounds investigated. Thus the 
methyl ether of theelin required 7 less atoms of oxygen per mole- 
cule than theelin, whereas the difference between theelol and its 
methyl ether was found to be 6 atoms. 


FURTHER EVIDENCE CONCERNING THE MULTIPLE NATURE OF 
THE VITAMIN B COMPLEX OF YEAST 


By ROBERT C. LEWIS anp MARION R. RYMER 


(From the Department of Biochemistry, University of Colorado School of 
Medicine, Denver) 

Further experiments confirm the earlier reports’ from this 
laboratory that the residue remaining after four extractions of 
dried bakers’ yeast with progressively stronger concentrations of 
alcohol (50 to 95 per cent) contains a factor, or factors, distinct 
from vitamins B and G and necessary for the growth of rats. 
Although markedly subnormal growth occurred when yeast extract 
(vitamins B and G) supplemented a Sherman and Spohn diet,** 
the further addition of the yeast residue produced growth com- 
parable to that obtained when whole yeast was used in place of 
its various fractions. The active principle of the residue is stable 
to acid autoclaving at 120° for 5 hours at pH 5.3, but is largely 
destroyed by the same treatment at pH 9.4. Thus, the factor is 
not as thermostable as previously supposed. 


*’ Williams, G. Z., and Lewis, R. C., J. Biol. Chem., 89, 275 (1930). 
** Sherman, H. C., and Spohn, A., J. Am. Chem. Soc., 45, 2719 (1923). 
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The residue was further extracted fourteen times with 0.1 per 
cent acetic acid according to the method of Hunt and Wilder.*® 
Rats placed on supplements of vitamins B and G plus both the 
acetic acid extract of the residue and the residue remaining after 
acetic acid extraction showed a growth superior to those receiving 
vitamins B and G plus only one of these fractions; i.e., either the 
acetic acid extract or the acetic acid-extracted residue. Doubling 
the amount of either fraction failed to induce a greater amount 
of growth. These results suggest that the growth principle present 
- in the residue remaining after the alcoholic extraction of yeast may 
consist of two factors, neither of which is vitamin B or vitamin 
G and both of which are necessary for the normal nutrition of 
the rat. 


THE EFFECT OF THE INGESTION OF TYROSINE ON THE BLOOD 
PHENOLS AND THE BLOOD URIC ACID AS DETERMINED BY 
THE METHODS OF FOLIN AND OF BENEDICT 


By JOSEPH M. LOONEY 


(From the Memorial Foundation for Neuro-Endocrine Research and the 
Worcester State Hospital Laboratories, Worcester) 


1 gm. of tyrosine dissolved in 400 ml. of water was given to each 


of forty-eight patients suffering from schizophrenia, after speci- 
mens of blood and urine were taken during fasting. Samples of 
blood were taken after 3 hours and again after 6 hours and the 
urine was also collected during these intervals. 

The blood specimens were analyzed for free and conjugated 
phenols by the method of Theis and Benedict, and for uric acid 
by the direct method of Benedict and also by the latest modifica- 
tion of the Folin method.” Qualitative tests were made for 
tyrosine by a modification of the method of Folin and Marenzi. 

It was found that the free phenols increased during the first 
3 hours from 1.24 to 1.30 mg., and showed a maximum increase 
of 0.13 mg. when the highest value for each patient for the 6 
hour period was taken. The odds that these changes were due to 
chance are 77:1 against it in the first instance, and 50,000:1 in 
the second. 


«° Hunt, C. H., and Wilder, W., J. Biol. Chem., 90, 279 (1931). 
© Folin, O., J. Biol. Chem., 86, 179 (1930). 
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During the same time the uric acid as measured by the Benedict 
method increased 0.16 mg., from 3.46 to 3.62 mg. This change 
must also be ascribed to the effect of the tyrosine ingestion, as the 
odds against the occurrence being due to chance are 100:1. The 
uric acid as measured by the Folin method at the same time re- 
mained constant at 2.98 mg., an increase of only 0.01 mg. being 
obtained. 

A definite correlation was found between the variation of free 
phenol from 8.00 to 11.00 a.m. and that of the uric acid as deter- 
mined by the Benedict method at the same time. The correlation 
coefficient was 0.32. This correlation tends to be masked some- 
what by the tendency of the free and conjugated phenols to show 
an inverse change, having a correlation coefficient of —0.33. 
No correlation was noted between the variation of free phenols 
and that of uric acid as determined by Folin’s method, the coeffi- 
cient being 0.00. 

The correlation coefficient between the uric acid determinations 
by the two methods was 0.77. This would bea very high coefficient 
for showing causal relationship, but is too low to predict the value 
of uric acid by one method when the other is known. It indicates 
that the two methods are not measuring absolutely identical sub- 
stances, as Benedict’s method is affected by changes in phenols as 
well as by changes in uric acid. 

No association could be shown between the changes in blood 
phenols and the increases in the tyrosine of the blood. The ex- 
cretion of phenol in the urine could not be correlated with the 
phenol content of the blood. 


THE POSSIBLE MECHANISMS OF CONTRACTING AND PAYING 
THE OXYGEN DEBT AND THE ROLE OF LACTIC ACID IN 
MUSCULAR CONTRACTION 


By R. MARGARIA, H. T. EDWARDS, L. J. HENDERSON, anp 
D. B. DILL 


(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


When muscular exercise lasts long enough, say 10 minutes, 
complete diffusion of lactic acid appears to take place between 
blood and tissues so that the lactic acid concentration of the blood 
at the end of exercise may be considered proportional to the 
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amount of lactic acid present in the whole body at that time. 
The relation between such a value of lactic acid concentration and 
oxygen debt, as calculated following A. V. Hill’s procedure, shows 
that the lactic acid value remains at the resting level until the 
oxygen debt reaches the value of about 3.5 liters, after which a 
linear relationship exists between the two functions. This shows 
that until an oxygen debt of 3.5 liters is reached, corresponding in 
our experimental conditions to a work output involving two-thirds 
of the maximum metabolic rate, no extra lactic acid production 
occurs. For higher oxygen debts the increase of lactic acid pro- 
duction is 5 mols for every 3 mols of increase of the O2 debt, which 
corresponds to a ratio between lactic acid burned and lactic acid 
removed of 1:5; this involves the assumption that in such condi- 
tions all the excess oxygen is used up in the removal of the lactic 
acid. 

The analysis of the oxygen debt curve in recovery shows that 
this may be interpreted as the sum of three curves, two of which 
follow a logarithmic decrement, while the third is linear. Of the 
two logarithmic curves, one may be attributed to the lactic acid 
mechanism of paying the oxygen debt, as the lactic acid concen- 
tration in the blood decreases logarithmically: in our subject 
having a maximum O, debt of about 11.5 liters, a maximum of 8 
liters may be attributed to this mechanism. The recovery with 
this mechanism is very slow, the speed constant being 0.02 to 0.03. 
The other logarithmic curve shows the existence of another mech- 
anism of paying the O2 debt, which cannot be attributed to the 
lactic acid: it is a much faster process, the speed constant being 
about 0.5. This fraction of the O2 debt is practically com- 
pletely paid in the first 3 to 4 minutes of recovery. The amount 
of O2 debt which can be contracted in this way is, however, 
smaller than with the lactic acid mechanism. The linear function 
seems to be due chiefly to an increase of the metabolism of mus- 
cles after exercise and it has nothing to do then with a real oxygen 
debt. This hypothesis is confirmed also by the fact that it is not 
a logarithmic function as expected (an expectation confirmed by 
the other two mechanisms) and by the fact that after hard exercise 
the resting metabolism keeps higher for several hours after all 
the chemical and physicochemical variations detectable come 
back to normal. 
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The hypothesis is advanced that extra lactic acid formation 
in muscles does not occur in moderate exercise but is only a reserve 
mechanism brought into play during hard work in anaerobic 
conditions. 


AN INSECT TEST FOR VITAMIN B FRACTIONS 


By C. M. McCAY 
(From the Laboratory of Animal Nutrition, Cornell University, Ithaca) 


Insects lend themselves to nutrition studies because large 
numbers can be employed in experimental groups. Many vari- 
ables can be studied simultaneously with economy of space and 
materials. Their great disadvantage is their ability to select 
food particles from diets prepared in the usual manner. 

In our studies we have employed the common household pest, 
Blattela germanica, which is better known as a cockroach. We 
have tested a number of stock diets for rearing this insect. It can 
pass through its entire life cycle upon a diet of equal parts of dry 
skim milk and whole wheat. It can grow for a considerable period 
upon a product such as linseed oil meal but it cannot reproduce. 

In our first series of experiments we employed purified diets 
such as those used for vitamin A assays with rats. We discovered 
that cockroaches could not grow upon a diet of cooked starch 22, 
cellulose 2, lard 10, sugar 10, mineral mixture 6, and casein 40. 
On the other hand, if this diet is supplemented with 5 parts each 
of cod liver oil and dried yeast, this insect species will grow almost 
as rapidly as it will when fed the stock diet of wheat and skim 
milk. At a temperature of 25° adult size is attained in about 60 
days if a complete diet is fed. 

A hundred experiments were run to determine some of the nutri- 
tional factors that limit the growth of cockroaches. Thus far 
growth, alone, has been studied without regard to the completion 
of the reproductive cycle. We have obtained no evidence that this 
species needs either vitamin Aor D. It must have one or more of 
the vitamin B factors in yeast, however. This vitamin B fraction 
in yeast is soluble in 95 per cent ethyl alcohol. 

Two series of experiments were run to compare zein, gelatin, 
and casein as sources of protein when fed at 20 per cent levels. 
An alcoholic extract of yeast furnished the vitamin B required. 
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Good growth was obtained with the casein, moderate growth with 
gelatin, and very poor growth with zein. These results indicate 
that this insect reacts to both deficiencies in vitamin B factors and 
in amino acids. 

FURTHER STUDIES OF SYNTHETIC DIETS FOR HERBIVORA 


By C. M. McCAY, L. L. MADSEN, anv L. A. MAYNARD 
(From the Laboratory of Animal Nutrition, Cornell University, Ithaca) 


A previous paper® from this laboratory reported preliminary 
studies showing that a synthetic diet satisfactory for rats caused 
paralysis of the hind legs and death in rabbits, with a histological 
picture showing muscular degeneration. Goats placed on a syn- 
thetic diet at weaning were growing normally at the date of the 
previous report. Five of the six animals have now died after 
periods on the diet ranging from 140 to 190 days of nearly normal 
growth. In each case death was sudden with no symptoms of 
paralysis, but muscle lesions were found on histological examina- 
tion. A degeneration of the heart muscle was found in all cases, 
The sixth goat is still thriving after 306 days on the diet. 

In continuing the rabbit studies, with a diet consisting of re- 
generated cellulose 20, corn-starch 40, casein 15, sucrose 10, yeast 5, 
salt mixture 4, lard 4, and cod liver oil 2, with tomato juice fed 
separately, it has been found that the addition of alfalfa prolongs 
the growth and survival period. The entire substitution of alfalfa 
after loss of weight and paralysis have set in overcomes these 
troubles. The substitution of an A-D concentrate for the cod 
liver oil in the synthetic diet prolongs the survival period. Evi- 
dence that one of the faults of the synthetic diet is its physical 
nature is furnished by the frequent finding of impaction in the 
intestine. In preliminary experiments with a few guinea pigs, 
with the same synthetic diet, the same paralysis and muscular 
lesions found in the rabbit have developed. 

These studies are being continued in order to develop a satis- 
factory synthetic diet for Herbivora and to reveal the cause of the 


‘1 Woodward, J. C., and McCay, C. M., Proc. Soc. Exp. Biol. and Med., 
30, 241 (1932). ; 

5 This finding was made by Dr. Peter Olafson of the New York State 
Veterinary College. 
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muscle dystrophy and other anatomical changes which are appar- 
ently of nutritional origin. 


THE STABILITY OF CAROTENE IN ETHYL ESTERS OF FATTY 
ACIDS, LIVER, AND VEGETABLE OILS 


By FRANCIS G. McDONALD 


(From the Research Laboratory, Mead Johnson and Company, Evansville, 
Indiana) 

Solutions of carotene in ethyl butyrate, ethyl laurate, ethyl 
palmitate, cod liver oil, maize oil, peanut oil, and Wesson oil were 
stored in partially filled, tightly stoppered brown bottles at 37°, 
24°, and 5°. Similar solutions sealed in ampules under a vacuum 
_ were stored at 37°. The esters were highly purified and the oils 
were good commercial grades. 

From time to time the solutions were sampled and carotene 
determinations carried out with the aid of a spectrograph and 
sector photometer by observing the extinction limits of the 462 
mu carotene absorption band. 

At 37° in bottles practically all of the carotene disappeared 
within 2 weeks in the esters and peanut oil, and in 8 weeks more 
than 60 per cent in the other oils. At 24° the decomposition was 
slightly retarded. At 5° the loss of carotene in the esters and 
peanut oil amounted to 80 per cent in 4 weeks. In cod liver oil, 
Wesson oil, and maize oil only 8 per cent of the carotene was lost 
in 4 weeks. Storage of the solutions in sealed ampules under a 
vacuum resulted in somewhat better protection in the solvents of 
low protective power. 


BENCE-JONES PROTEIN 


I. CHEMICAL COMPOSITION 


By GRACE MEDES 
(From the Department of Medicine, University of Minnesota Medical School, 
Minneapolis) 

Bence-Jones protein was isolated from the urines of five patients 
with multiple myeloma. The present paper deals with methods of 
isolation and purification of these proteins and a comparative 
study of their chemical compositions. The determinations in- 
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cluded ash, phosphorus content, water content, nitrogen distribu- 
tion as determined by the Van Slyke method, and the trytophane 
and tyrosine content. A preliminary study of their behavior in 
the presence of some salting-out agents was also made. 


VARIATIONS IN THE PLASMA PHOSPHOLIPID OF AMYTALIZED 
DOGS FOLLOWING EPINEPHRINE OR INSULIN 


By LLOYD C. MILLER 
(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 


Data indicating marked increases in “blood fat’’ following epi- 
nephrine injections in amytalized dogs have been published by 


Himwich and Spiers.* Long and Venning™ have recently shown - 


that this alleged increase is an artifact arising from the titrimetric 
method used in determining the plasma fatty acids. 

In this work, the experiments of the former authors have been 
repeated and extended. In addition to determining total fatty 
acids, both free and total cholesterol and phospholipid have been 
studied by methods developed in this laboratory.“ While no 
significant changes have been noted in the total fatty acids or 
cholesterol fractions following epinephrine or insulin adminis- 
tration in the amytalized dog, striking variations in the plasma 
phospholipid fraction have been observed. The effects of these 
hormones seem to be enhanced by if not dependent on the amytal 
anesthesia, since only inconsistent effects are seen in the unanes- 
thetized dog. No effect is seen in the untreated amytalized dog. 

Except for time relationships, these changes in plasma phos- 
pholipid closely resemble those produced concomitantly by epi- 
nephrine and insulin on the blood sugar. An average increase 
of 60 per cent over the initial level is seen in the plasma phos- 
pholipid 3 hours after the injection of mildly hyperglycemic doses 
of epinephrine. An average decrease of 70 per cent of the initial 
level is seen 3 hours after the injection of hypoglycemic doses of 
insulin. These relative changes in amount appear to be inde- 


** Himwich, H. E., and Spiers, M. A., Am. J. Physiol., 97, 648 (1931). 

% Long, C. N. H., and Venning, E. M., J. Biol. Chem., 96, 397 (1932). 

* Bloor, W. R., J. Biol. Chem., T7, 53 (1928); 82, 273 (1929). Yasuda, 
M., J. Biol. Chem., 92, 303 (1931). 
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pendent of the height of the initial level of plasma phospholipid 
and of the degree of change in the blood sugar. 


THE EFFECT OF MODERATE DOSES OF VIOSTEROL AND OF PARA- 
THYROID EXTRACT UPON BONE COMPOSITION 


By AGNES FAY MORGAN, LOUISE KIMMEL, RACHEL THOMAS, 
anp ZDENKA SAMISCH 
(From the Laboratory of Household Science, University of California, 
Berkéley) 


Separate ash analyses were made of metapbyses and shafts of 
femora and tibiw of 137 rats fed a diet of normal Ca and P con- 
tent and ratio, with varying amounts of viosterol, from 0 to 1500 
D, and in some cases with and without moderate doses of para- 
thyroid extract. The ash content of the metaphyses was slightly 
greater in the groups without vitamin D or with moderate amounts 
as compared with those of groups which received the larger doses, 
but less difference could be seen in the ash contents of the shafts of 
any of the groups examined. The parathyroid treatment like- 
wise decreased the ash content of the metaphyses but did not 
affect the shafts. 

Calcium and phosphorus balances were more favorable in the 
animals which received the vitamin, 10 D, than in those which did 
not. On injection of parathyroid extract these retentions were 
much decreased in both cases and somewhat more so in the group 
receiving both the extract and the vitamin. The increase in cal- 
cium content of the kidneys which was seen in the animals receiv- 
ing moderate amounts of viosterol and of parathyroid extract as 
compared with that of the untreated groups was considerably 
greater in the parathyroid-treated rats both with and without the 
viosterol. 

These metabolism and bone composition findings are taken to 
mean that therapeutic doses of viosterol favor rapid shaft forma- 
tion at the expense of deposit of trabecul# in the metaphyses and 
that moderate doses of parathyroid extract may deplete the meta- 
physes of these trabecule without affecting the shafts. The 
increased losses in balances and metaphysis ash seen in animals 
which received both substances appear to indicate that the effects 
of the vitamin and of the hormone are similar and cumulative. 
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Since the effect of experimental conditions upon bone ash may 
be more strikingly demonstrated by examination of the metaphysis 
alone than by the use of the whole femur, the routine use of the 
metaphysis is suggested for vitamin D assay and similar studies. 


THE OXYGEN CAPACITY OF HEMOGLOBIN OF HUMAN BLOOD 
By DEMPSIE B. MORRISON 


(From the Department of Chemistry, University of Tennessee College of 
Medicine, Memphis) 


Two methods of determining the oxygen capacity of hemoglobin 
of human blood are employed. 

The first method involves a determination of the oxygen to iron 
ratio in whole blood, and calculation from this ratio and the iron 
content of purified dry hemoglobin of the oxygen capacity of the 
latter. The oxygen capacities of fourteen samples of human blood 
have been measured by the carbon monoxide method of Van 
Slyke and Hiller,» and the iron values by a potentiometric method 
with the use of either titanous chloride or titanous sulfate. The 
average oxygen capacity per 1 gm. of iron was 400 cc. + 5 ce. 
(theoretical value, 401 cc.). Various methods of purifying hemo- 
globin were employed. The iron content of dried samples thus 
prepared varied from 0.305 to 0.338 per cent, depending upon the 
method of preparation and the conditions of drying. Samples 
dried in air at 40°, and at room temperature over phosphorus 
pentoxide, gave lower but more constant values than samples 
dried in air at 110°. At the latter temperature some samples 
were so charred that they were discarded. 

The second method depends upon measuring the oxygen 
capacity of purified hemoglobin solutions, and direct estimation of 
the dried hemoglobin prepared from aliquots of these solutions. 
The first and, so far, the only determination by this method has 
given the value of 1.30 cc. of oxygen per 1 gm. of dry hemoglobin. 


% Van Slyke, D. D., and Hiller, A., J. Biol. Chem., 78, 807 (1928). 
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CHEMISTRY OF THE INTEGUMENT 


VI. THE LABILITY OF HYDROXYPROLINE IN THE MOLECULE OF 
PROTEINS 


By WITHROW MORSE 
(From the Réhm and Haas Company, Inc., Philadelphia) 


In applying the color reaction for hydroxyproline which we have 
reported elsewhere,*’ it became evident that hydroxyproline was 
readily loosened from the molecule. In the shearing action of 
the collagen prepared in a purified state,®* the protein was so 
affected that simple washing of the shredded collagen removed 
enough of the hydroxyproline to give a clearly positive test. Tryp- 
sin loosened hydroxyproline in a similar manner. Leather, how- 
ever, even after its drastic treatment in various media, retains 
the capacity for giving a positive test for hydroxyproline; evi- 
dently the tanning process fixes the protein in such a manner 
that hydroxyproline is retained. We have studied the hydroxy- 
proline content of ten commercial preparations of gelatin and these 
fall into two groups; namely, one giving the positive reaction, the 
other failing to give it. From our own experiments in preparing 
gelatin from collagen, we believe the reason for this grouping is 
that in one set hydroxyproline is retained in the medium which is 
not removed during manufacture and accompanies the finished 
product (Knox gelatin type) but is discarded in the other (Coignet 
type) which, therefore, fails to give a positive test. 


CHANGES IN SERUM CALCIUM AND PHOSPHORUS AND IN THE 
TEETH DURING PREGNANCY 
By JAMES W. MULL anp F. M. KINNEY 


(From the Laboratories of the Maternity Hospital and the School of Dentistry, 
Western Reserve University, Cleveland) 


A study of changes in serum calcium and phosphorus during 
pregnancy, and of their relation to the teeth, has been made on 
patients in our prenatal clinic by successive examinations of the 
teeth and blood during the course of pregnancy. Between the 
28th week preceding delivery and the 7th week post partum, 4760 


5" Morse, W., J. Biol. Chem., 100, 373 (1933). 
** Morse, W., J. Biol. Chem., 97, p. xxx (1932). 
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calcium determinations were made on 898 women. These data 
show that calcium is influenced by season, demonstrated by the 
fact that values found during the months of January to May are 
lower than those of the remaining months; and by pregnancy, as 
shown in the summer curve by a decline from an average of about 
10.4 mg. to 9.9 mg. at 8 weeks before delivery, with recovery to 
around 10.0 mg. by term. Following delivery there is a sharp rise 
to 10.4 mg. which is maintained, even with nursing, to dismissal 
6 weeks post partum. The winter curve, which is roughly parallel, 
lies entirely below the lower limits of the normal range, while the 
summer curve lies in the lower third. 

Phosphorus shows no seasonal variation. There is a slight fall 
which reaches a maximum about 10 weeks before delivery, with 
gradual recovery until delivery, followed by a marked rise, which 
is maintained throughout the period of observation. 

Dental examinations were made on 358 patients. Oral findings, 
checked whenever possible by x-ray and confirmed in every in- 
stance, showed change during pregnancy in only 54 patients, 15 
per cent. Of the 215 returning for post partum check up only 6 
per cent showed change. 

Forty-nine of the 54 cases showing dental decay had a total of 
354 blood determinations, which showed them to fall within the 
normal range established by our study. We conclude, therefore, 
that serum calcium and phosphorus bear no direct relation to the 
pregnant woman’s teeth. 


A REPORT ON THE DEVELOPMENT, PREPARATION, AND DIS- 
TRIBUTION OF THE INTERNATIONAL VITAMIN STANDARDS 


By E. M. NELSON 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


International standards for vitamins A, B,C, and D were adopted 
by the Health Committee of the League of Nations at a meeting in 
London on June 17 to 20, 1931. Standard preparations for three 
of these vitamins, A, B, and D, have been prepared and are being 
distributed to a central agency in each country by the Department 
of Biological Standards of the Medical Research Council of Lon- 
don. An allotment of these preparations for this country has 
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been received by the Bureau of Chemistry and Soils for distribu- 
tion in this country. 


THE EFFECT OF DIETS RICH IN CHOLESTEROL ON THE TISSUE 
LIPIDS OF YOUNG RATS 


By RUTH OKEY 


(From the Laboratory of Household Science, University of California, 
Berkeley) 


Young rats were placed at weaning upon adequate purified 
diets containing 15 per cent Crisco as the source of fat. Choles- 
terol to the extent of 1 per cent was incorporated into the diet of 
the experimental group, while the diet of the controls was nearly 
sterol-free. The rats were killed at the age of 3 months. Livers 
of the experimental animals were whitish, weighed approximately 
1} times as much as those of the control groups, and contained 
only 50 per cent moisture as contrasted with 64 per cent for the 
controls. The free cholesterol content of the livers of the two 
groups was nearly the same and normal. Cholesterol as ester was, 
however, over 6.0 per cent in the livers of the cholesterol-fed rats 
and only approximately 0.15 per cent in the control group; “total 
lipid” and lecithin of the livers of the cholesterol-fed rats, 30.7 per 
cent and 2.4 per cent respectively; while the values for the control 
group were 12.0 per cent “total lipid” and 3.3 per cent lecithin. 

In a group of the rats from which the vitamin B complex (as 
yeast extract) was withdrawn 10 days before killing, the choles- 
terol ester of the livers was approximately one-third lower, while 
the food intake had remained very nearly constant. 

Other tissues are still under investigation. The work is being 
repeated at different levels of fat intake. 


THE PREPARATION OF A CRYSTALLINE GLOBULIN FROM THE 
ALBUMIN FRACTION OF COW’S MILK 


By A. H. PALMER 
(From the Department of Chemistry, New York University and Bellevue 
Hospital Medical College, New York) 


By prolonged dialysis under carefully controlled conditions of 
pH, a crystalline globulin may be separated from the albumin frac- 
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tion of cow’s milk. It has been obtained in yields approximating 
50 per cent of the total “albumin,” is readily recrystallizable, and 
appears to be a homogeneous and reproducible product. It is in- 
soluble in water within a rather narrow range of pH, and in high 
concentrations of sodium and ammonium sulfates. It is soluble 
in very dilute solutions of acids, bases, and salts. Its temperature 
of coagulation is about 80° at pH 5.5. The solubilities of the prod- 
uct in dilute and in concentrated solutions of salt are a simple 
function of the ionic strength of the solvent. 


REFECTION IN THE RAT 


By HELEN T. PARSONS, EUNICE KELLY, ann DOROTHY L. 
HUSSEMANN 

(From the Department of Home Economics, University of Wisconsin, 

Madison) 


Bulky white feces containing numerous starch grains, similar to 
feces reported by others as typical of “‘refection,’’ occurred spon- 
taneously in individual rats on a vitamin G-low ration containing 
raw potato starch, sucrose, casein, salt mixture, cod liver oil, and 6 
per cent of rice polish. This refection was transmitted to young 
rats on a similar ration containing 2 per cent of rice polish. The 
refection was accompanied by a marked protection from the in- 
adequacy of the diet, three refected rats being still alive with a 
body weight of over 730 gm. at the end of 14 months, while the 
non-refected individ from the same litter died in from 29 to 55 
days on the ration. Refection was lost and the rats died if cooked 
potato starch was substituted for the raw. 

There has been a spontaneous appearance of white feces in rats 
whose ration contained raw corn-starch as the sole carbohydrate. 
By feeding these white feces to a second group of rats a change in 
color and size of their feces could be induced for varying lengths 
of time, although the animals seemed to be protected little, if at all, 
by this addition to the ration. Starch grains were not detected in 
these feces. 
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THE CURE OF DERMATITIS DUE TO EGG WHITE BY VARIOUS 
FOODSTUFFS 


By HELEN T. PARSONS, JANE G. LEASE, anp EUNICE KELLY 
(From the Department of Home Economics, University of Wisconsin, 
Madison) 

Dried yeast, dried egg yolk, wheat embryo, and dried milk are 
only moderately effective in curing egg white dermatitis, since 
a concentration from 1 to 3 times that of the toxic egg white in the 
diet is neccessary to be curative. 

Cooked beef liver, pork liver, and beef kidney are effective if 
present in a concentration one-fourth that of the egg white. 
Cooked pig kidney is nearly twice as potent as beef liver. 

There is relatively little or no potency in spleen, heart, ovaries, 
adrenals, blood, hemoglobin, or Eli Lilly and Company liver ex- 
tract No. 343. The potency of liver does not depend on its nucleo- 
protein fraction. 

The activity of raw liver or kidney is increased by cooking. 
Potency is not decreased significantly by autolysis, by prolonged 
bacterial action, or by standing at roomtemperature. Theactiv- 
ity is decreased by boiling for 1 hour with hydrochloric acid at a 
concentration of 5 or more per cent; it is destroyed by heating 
cooked liver for 6 days at 100°. 

Small single doses of kidney lead to very effective cures when 
given, after a 1 day’s fast, to rats with pronounced dermatitis. 


THE ROLE OF OXIDATION AND REDUCTION PROCESSES IN THE 
ACTIVITY OF UREASE 


By WILLIAM A. PERLZWEIG 
(From the Department of Biochemistry, Duke University School of Medicine, 
Durham) 

Urease, in crude extracts and in solutions of the crystalline prep- 
arations, is susceptible to loss of activity on exposure to atmos- 
pheric oxygen or to other oxidizing reagents, such as H;:Ox, cate- 
chol, and other polyhydric phenols. Presumably heavy metals 
catalyze this oxidation. When such an inactivation is only par- 
tial, with loss of not more than one-half of the activity, it may be 
easily reversed by reducing reagents, such as cyanides and R—SH 
compounds. Urease, when more completely inactivated by oxi- 
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dation, cannot be reactivated in this manner. Apparently the 
inactivation of urease proceeds in at least two distinct stages. 


NITROGEN CONSTITUENTS OF MOLD MYCELIUM 
By W. H. PETERSON, H. J. GORCICA, anp E. B. FRED 


(From the Departments of Agricultural Chemistry and Agricultural Bac- 
teriology, University of Wisconsin, Madison) 


The fresh mycelium (containing 5.1 per cent nitrogen, dry basis) 
of Aspergillus fischeri was fractionated into four parts according to 
solubity: water-soluble 31, lipid 1, alkali-soluble 53, and insoluble 
12 per cent of the total nitrogen. 

Most of the nitrogen in the water-soluble fraction was present 
as a-amino nitrogen. This fraction gave a negative biuret test, 
and positive xanthoproteic, Millon, and Hopkins-Cole tests. No 
precipitate resulted from the addition of mineral acids or trichloro- 
acetic acid, but a heavy precipitate was obtained with Ba(OH), or 
with alcoholic KOH. 

The alkaline extract gave positive biuret, xanthoproteic, Millon, 
and Hopkins-Cole tests. About one-fourth of the alkali-soluble 
nitrogen was precipitated by acid. This precipitate contained 10 
to 12 per cent nitrogen, 1 to 2 per cent ash, and reduced Fehling’s 
solution after acid hydrolysis. The largest part of the alkali- 
soluble nitrogen was peptone-like in character. It was not pre- 
cipitated by acids or alcohol, but was precipitated by tungstic 
acid, or by saturation of its solution with zine sulfate. 

The rest nitrogen, insoluble in water and alkalies, was part of a 
complex polysaccharide. After acid hydrolysis, 62 per cent of 
this nitrogen was isolated as glucosamine nitrogen. 


THE CORTICAL HORMONE REQUIREMENT OF THE ADRENALEC- 
TOMIZED DOG 


By J. J. PFIFFNER, HARRY M. VARS, P. A. BOTT, anv W. W. 
SWINGLE 


(From the Biological Laboratory, Princeton University, Princeton) 
A series of seven adrenalectomized dogs (8 to 14 kilos) was al- 


lowed to come into insufficiency by gradual reduction of dosage at 
7 to 10 day intervals. These animals had been adrenalectomized 
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2 to 10 months previous to the start of the experiment and had 
been in insufficiency one to six times. A single preparaton of hor- 
mone was used. The successive levels of hormone therapy em- 
ployed were as follows: 0.1, 0.05, 0.025, 0.0125, 0.01, 0.0084, 0.0076, 
0.006, 0.0055, and 0.005 ec. per kilo perday. The clinically failing 
dose ranged from 0.005 to 0.0084 cc. (0.2 to 0.34 gm. of whole beef 
adrenal gland) per kilo per day. The clinical maintenance dose 
ranged from 0.0055 to 0.01 cc. The dose on which a rise of 100 
per cent in the blood urea nitrogen was observed ranged from 
0.006 to 0.01 cc. 

Five animals of this series were used to repeat the above assay 
under different dietary conditions. Two animals received the 
same diet as in the above experiment and gave comparable results. 
Two animals received a diet less palatable and exhibited insuffi- 
ciency at a slightly higher level. One animal receiving beef heart 
plus supplements failed on a dose twice as large as previously. 
The anorexia, and its accompanying physiological manifestations, 
can explain the earlier failure of animals subsisting on poorly 
relished diets. 

One animal died of adrenal insufficiency during the experiment 
while on a clinically failing dose. One animal has since died with 
typical symptoms on withdrawal of extract. The remaining five 
animals are being used in further work and have since been in 
insufficiency from two to five times. 


THE MANIFESTATION OF SCURVY-LIKE SYMPTOMS INDUCED BY 
THE INGESTION OF SODIUM FLUORIDE* 


By PAUL H. PHILLIPS 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


The influence of sodium fluoride upon guinea pigs fed scorbutic 
diets fortified with graded levels of orange juice has been studied. 
It has been found that several times the normal antiscorbutic dose 
of orange juice will not prevent the appearance of symptoms simi- 
lar to, if not identical with, those of scurvy when 25 to 30 mg. of 
fluorine per kilo of live weight are fed. It is tentatively suggested 


* Presented before the American Society for Experimental Pathology. 
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that chronic fluorine poisoning may be an interference with the 
action of vitamin C in the organism. 


THE USE OF A MODIFIED KROGH-REHBERG APPARATUS 
FOR THE DETERMINATION OF CARBON DIOXIDE 
IN BONE POWDER 


By MARSCHELLE H. POWER anp MILDRED ADAMS 


(From the Section of Clinical Metabolism, The Mayo Clinic and The 
Mayo Foundation, Rochester, Minnesota) 


The vacuum extraction technique of Krogh and Rehberg for 
liquids and tissues has been applied to the determination of carbon 
dioxide in dry substances, such as bone powder. The results 
are in satisfactory agreement with those obtained by the use of the 
Van Slyke-Neill manometric apparatus, and the technique as a 
whole presents some advantages over the latter procedure as re- 
gards ease of introduction of sample and subsequent manipulation, 
simplicity of apparatus, and flexibility. 


THE LIPID CONTENT OF CERTAIN MOLDS 


By L. M. PRUESS anp F. M. STRONG 


(From the Departments of Agricultural Chemistry and Agricultural Bac- 
teriology, University of Wisconsin, Madison) 


The lipid contents of twenty-four molds grown on both synthetic 
(glucose-inorganic salts) and organic (glucose-malt sprouts) media 
have been determined. The percentage of lipid varied with the 
species, the amount of aeration, and the reaction and composition 
of the medium. On the synthetic medium the lipid percentage 
of the mycelium ranged from 1 to 20, average 6.0, and on the 
organic medium from 1.5 to 25, average 8.8. In the majority of 
cases, on both types of media, the lipid percentage was markedly 
increased when aeration was restricted (lead foil caps over the cot- 
ton plugs of the flasks). Other factors which may influence the 
lipid content, e.g. temperature of incubation, glucose concentration 
of the medium, etc., are under investigation. 

The character of the lipids of Aspergillus sydowi was studied by 
separating 1.23 kilos of material, obtained by extraction of 16 
kilos of dried mycelium with acetone and alcohol-ether, into va- 
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rious fractions. Approximately 10 per cent of the lipid was a 
phosphorus- and nitrogen-containing substance, apparently differ- 
ent from well known phospholipids. The remaining simple lipids 
contained about 7 per cent of unsaponifiable material and 80 per 
cent fatty acids. About 25 per cent of the acids was present in 
the free state and 75 per cent in the combined form, while 28 per 
cent was found to be saturated and 66 per cent unsaturated (iodine 


numbers 115 to 120). 


THE EFFECT OF DESICCATED THYROID FEEDING AND PARA- 
THYROID HORMONE INJECTION UPON THE EXCRETION 
OF CALCIUM IN THE NORMAL AND HYPOPHYSEC- 
TOMIZED RAT 


By L. I. PUGSLEY 


(From the Department of Biochemistry, McGill University, Montreal, 
Canada) 


The feeding of desiccated thyroid to normal rats caused a 
marked increased excretion of calcium in the feces and only a slight 
increase in the urine. When parathyroid hormone was adminis- 
tered following thyroid medication, a summation effect occurred 
in the calcium excretion. The hypophysectomized rat responded 
like the normal rats to desiccated thyroid and to parathyroid 
hormone. 


THE ROLE OF PARATHYROID HORMONE IN THE RAT 


By L. I. PUGSLEY anp HANS SELYE 


(From the Department of Biochemistry, McGill University, Montreal, 
. Canada) 


The continued administration of parathyroid hormone to rats 
was found first to lead to the formation of numerous osteoclasts, 
hypercalcemia, and increased calcium excretion, but later this 
process was reversed and numerous osteoblasts appeared and a 
decreased calcium excretion. 
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STUDIES ON THE ACID-BASE CONDITION OF BLOOD 


III. THE pK’ OF HUMAN AND DOG SERA 


By HOWARD W. ROBINSON, J. WAIDE PRICE, anp GLENN E, 
CULLEN 
(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 
Method—In former determinations of the constant pK’; of the 
Henderson-Hasselbalch equation 


— 


the Clark-Cullen hydrogen electrode vessel was employed. The 
serum was equilibrated at a known CO; tension and a hydrogen- 
CO, mixture of the same CO, content was used in the electrode 
vessel. The pH and CO; content determinations were therefore 
made on samples of serum separately equilibrated, and regardless 
.of careful technique the accuracy of the comparison depended on 
the matching of these two CO; tensions. The present study 
presents a method by which the pH and CO; content are deter- 
mined consecutively on the same equilibrated serum, the bubbling 
hydrogen electrode vessel of Simms,*° with a constant mixture of 
CO, (5.56 per cent) and He, being used. Adequate precautions to 
secure temperature constancy were taken. To prevent foaming of 
the serum a drop of octyl alcohol is added. This has no effect on 
the pH of phosphate standards but does produce a turbidity in the 
serum that apparently does not interfere with any determination. 
At 38° equilibration is obtained in from 15 to 20 minutes. After 
obtaining constant E.M.F. readings the platinum electrode is re- 
moved and a sample of equilibrated serum is drawn directly into a 
Van Slyke-Ostwald pipette for the [CO,] determination in the 
Van Slyke manometric apparatus. From 2 to 4 cc. are required 
for the complete analysis. In the calculation of pK’, the value for 


** Cullen, G. E., J. Biol. Chem., 62, 501 (1922). Cullen, G. E., Keeler, 
H. R., and Robinson, H. W., J. Biol. Chem., 66, 301 (1925). Van Slyke, 
D. D., Hastings, A. B., Murray, C. D., and Sendroy, J., Jr., J. Biol. Chem., 
65, 701 (1925). Hastings, A. B., Sendroy, J., Jr., and Van Slyke, D. D., 
J. Biol. Chem., 79, 183 (1928). 

6 Simms, H. S., J. Am. Chem. Soc., 45, 2503 (1923). 


te 
se 

fi 
si 

is 

CO | 
| 
d 

il 

it 
h 

d 

e 

t 

f 

t 

I 

{ 

t 

4 
1 


Society of Biological Chemists Ixxxiii 


aCO-z at 38° of 0.510 of Van Slyke et al. was used. This tech- 
nique gives a rapid, convenient, and accurate method for the de- 
termination of pK’). 

Results—Over 70 determinations of pK’, have been made on dog 
sera and twenty on human sera. In confirmation of the results 
of Cullen, Keeler, and Robinson the pK’, values for human sera 
average practically the same as those for dog sera. The range is 
from 6.072 to 6.115 with a mean for 95 determinations of 6.092 and 
standard deviation of +0.005. This distribution about the mean 
is much more satisfactory than in any previous results. This 
value is slightly lower than the average pK’; value of 6.10 recom- 
mended by Hastings, Sendroy, and Van Slyke. 

Ten determinations were made on each of four apparently normal 
dogs over a period of 8 months. The variation of pK’; of an 
individual dog is as great as is the variation of the group. Follow- 
ing various experimental procedures including parathormone, 
histamine with withdrawal of gastric secretion by stomach tube, 
diphtheria antitoxin, ammonium chloride, mercuric chloride, 
excessive doses of irradiated ergosterol, and ether and sodium bar- 
bitol anesthesia, the pK’, of the dog sera varied no more than did 
that of the normal dogs. 

The human series includes sera from bloods of normal humans, 
from patients without any known disturbance of acid-base condi- 
tion, and from patients with nephrosis, nephritis, and renal rickets. 


STUDIES ON THE ACID-BASE CONDITION OF BLOOD 


IV. THE C CORRECTIONS OF THE COLORIMETRIC pH METHOD 
FOR PLASMA AND SERUM 


By HOWARD W. ROBINSON, J. WAIDE PRICE, ann GLENN E. 
- CULLEN 
(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


The method described in the preceding communication in which 
the bubbling electrode was used in determining the pK’ of sera is 
also applicable to the determination of the C correction, that is, the 
difference between the electrometric and colorimetric determina- 
tions. (C = [pH]a9» — pH4s-) where the brackets indicate colori- 
metric reading and the subscript e the electrometric. 
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It is particularly advantageous not only because the colori- 
metric and the electrometric determinations are made from the 
same sample but because the pK’ value which was obtained coinci- 
dentally gives an index of any abnormality in the electrolyte 
condition. 

C corrections were determined on the sera for which pK’ values 
were given in the preceding paper. The range of distribution for 
dog sera is from 0.24 to 0.40 with a mean of 0.31. In sera from 
human blood which is apparently normal the range is from 0.28 to 
0.31. In human serum from patients with kidney diseases in 
which the albumin is below 4 per cent the C correction range is 
from 0.21 to 0.25. In afew cases where C corrections from serum 
and plasma from oxalated blood have been obtained at the same 
time the plasma C correction is invariably lower than that of the 
serum. ‘This observation taken with the original report of Cullen 
that the C correction of horse plasma is less than that of horse 
serum suggests that many of the apparent discrepancies of C cor- 
rection in normal human blood have been due to the fact that 
within the last few years serum has been studied rather than 
plasma with the assumption, which we now believe to be incorrect, 
that the corrections are the same. 


THE DISAPPEARANCE OF HEXOSEMONOPHOSPHATE FROM FROG 
MUSCLE 


By ETHEL RONZONI anp MARGARET KERLY 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 


In common with others (Cori and Cori, Buell, Strauss, and 
Andrus®) we find that hexosemonophosphate increases under 
anaerobic conditions. At pH 6.0 in a CO.-bicarbonate buffer 
hexosemonophosphate (Embden ester) of intact resting muscle is 
increased from 30 to 70 to 80 mg. per cent as hexose in 2} hours 
at 25° with practically no production of lactic acid. It was of inter- 
est to examine the behavior of this excess hexosephosphate formed 


* Cori, G. T., and Cori, C. F., J. Biol. Chem., 94, 561 (1931-32). Cori, 
G. T., J. Biol. Chem., 96, 259 (1932). 

* Buell, M. V., Strauss, M. B., and Andrus, E. C., J. Biol. Chem., 98, 
645 (1932). 
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under conditions in which no lactic acid is produced, in contrast to 
that accompanied by lactic acid formation as in muscle contrac- 
tion, investigated by Cori and Cori.* We find that changing the 
pH to 9 by substituting nitrogen for CO: restores the ability to 
produce lactic acid but causes only insignificant changes in hexose- 
monophosphate. If CO: is replaced by O:2 containing 5 per cent 
COs, bringing the pH to 7, a small amount of lactic acid, already 
low, disappears and hexosemonophosphate disappears at a nearly 
constant rate for a period of 3 hours, averaging 16 mg. per cent in 1 
hour, 38 mg. per cent in 2 hours, and 55 mg. per cent in 3 hours. 
There is no evidence from these experiments that this hexose- 
phosphate is an intermediate in lactic acid formation. 


CERTAIN BLOOD CHANGES ASSOCIATED WITH PHYSICAL 
EXHAUSTION 


By FREDERIC W. SCHLUTZ, A. BAIRD HASTINGS, anp MINERVA 
MORSE 


(From the Lasker Foundation for Medical Research and the Departments of 
Pediatrics and Medicine of the University of Chicago, Chicago) 

Observations of the changes in the blood sugar, lactate, and 
acid-base balance have been made on dogs brought to physical ex- 

haustion by swimming at 38°. 
'- The following results have been obtained. (1) After 15 minutes 
of swimming, the acid-base balance is displaced in the direction of 
fixed acid excess. This is due in large measure to the entrance of 
lactic acid into the blood steam. The serum sugar is usually also 
elevated. (2) During the subsequent swimming period, varying 
from 1.5 to 4.5 hours, prior to the onset of exhaustion, there is 
usually a decrease in the serum lactate and a return of the acid-base 
balance toward normal. ‘The serum sugar is usually normal in this 
period. (3) With the onset of exhaustion, there is a rise in serum 
lactate and displacement of the acid-base balance in the direction 
of fixed acid excess. (4) During the recovery period, the excess 
lactate rapidly decreases and is practically normal after 30 minutes 
rest. The acid-base balance returns toward normal. (5) In- 
creasing the intensity of the work done causes an increase in serum 
lactate. (6) The higher the lactate concentration, the sooner the 


* Cori, G. T., and Cori, C. F., J. Biol. Chem., 99, 493 (1932-33). 
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onset of exhaustion. (7) Serum total base, chloride, and phos- 
phates showed no significant change in this series of experiments. 


FURTHER STUDIES ON THE RELATION OF THYROID ACTIVITY TO 
THE POWER OF CERTAIN BILE SALTS TO PRODUCE GASTRIC 
ULCERS 


By L. H. SCHMIDT 


(Christ Hospital Research Fellow in Biochemistry, University of Cincinnati, 
Cincinnati) 


Ingestion of thyroxine by a male guinea pig increases the toxicity 
of a mixture of the sodium salts of taurocholic and glycocholic 
acids. This ingestion also increases the capacity of injections of 
this bile salt mixture to produce lesions in the gastric mucosa (Tas- 
hiro and Schmidt™). The change in toxicity of the bile salts is 
roughly proportional to the amount of thyroxine ingested in the 
ease of either male or female guinea pigs. However, the female 
animal is affected to a greater extent than the male by treatment 
with a certainamount of thyroxine. Although the minimum lethal, 
and ulcer-producing dose of the mixture of bile salts is 0.0175 gm. 
per 100 gm. of weight for a normal male guinea pig and 0.0275 gm. 
per 100 gm. of weight for a normal female guinea pig, ingestion of 
1.0 mg. of thyroxine reduces the amount of bile salt required for 
death and ulcer in either sex to 0.008 gm. per 100 gm. of weight. 
Since Tsuruta and Ishii have demonstrated that lecithin, ceph- 

alin, and cholesteryl oleate inhibit bile salt toxicity and since inges- 
tion of thyroxine produces decreases in blood phospholipid content 
in the rabbit, indications are that the above changes following 
ingestion of thyroxine are due to the stimulation of lipid metabo- 
lism. These indications are supported by the observation that 
the amount of lecithin required to inhibit death and gastric ulcer 
formation, following injection of a certain quantity of bile salt, is 
increased almost 3-fold by previous feeding of 1.2 mg. of thyroxine. 


“Tashiro, S., and Schmidt, L. H., Med. Bull., Univ. Cincinnati, 6, 137 
(1931). 
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THE PRESENCE OF A NEW DIETARY PRINCIPLE IN LIVER 


By WALTER H. SEEGERS ann H. GREGG SMITH 
(From the Laboratory of Biochemistry, State University of Iowa, Iowa City) 


Alcohol-extracted beef liver was fed to albino rats as the only 
source of protein in a ration adequate in the recognized factors 
necessary for normal nutrition, the vitamins being supplied by 
yeast, cod liver oil, and by hydrogenated cottonseed oil (Crisco), 
the latter furnishing the fat of the basal diet. The ration was 
found to be inadequate for optimum growth, reproduction, and lac- 
tation. Supplements of 300 mg. of a tested yeast vitamin concen- 
trate (Yeast Vitamine-Harris) or a water-alcohol-soluble, ether- 
insoluble extract of the liver led to no significant improvement. 
Supplementing the basal diet with 0.5 gm. of raw liver or replacing 
the extracted liver of the basal diet with whole dried liver increased 
the growth rate and improved lactation. The total food consumed 
per gm. of increase in body weight was less when whole liver was 
fed, and the gains made per gm. of protein further indicate that 
the better growth is not the result of increasing the protein content 
of the diet. The animals fed whole liver had larger litters and 
weaned 30 per cent of their young, whereas none was weaned by 
the controls on the basal diet. 


FAT METABOLISM AND THE LIVER LIPIDS 


By ROBERT GORDON SINCLAIR 
(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 

In an effort to bring further evidence to bear on the widely held 
view that the fatty acids of depot or ingested fat, as an essential 
step towards combustion, are desaturated and built up into phos- 
pholipid in the liver, whence they are carried by the blood to the 
muscles and other organs, experiments have been carried out to 
determine the rate of turnover of the liver phospholipids. 

If rats are raised on a standard ration which is low in fat or con- 
tains hardened coconut oil, the phospholipid fatty acids in the liver 
and other organs, and the depot fat, have characteristically low 
levels of unsaturation. If, on the other hand, the rats receive 
daily a small amount of cod liver oil in addition to the basic ration, 
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the phospholipid fatty acids have a comparatively high degree of 
unsaturation, whereas the fat deposited in the stores is unaffected. 

It seemed reasonable to believe that a determination of the rate 
of fall in the iodine number of the phospholipids in the livers of 
these latter rats during fasting and following transfer to a diet con- 
taining hydrogenated coconut oil, should provide a measure of the 
rate of turnover of liver phospholipid. If the depot fat during fast- 
ing and the ingested hardened coconut oil are of necessity desatu- 
rated and built up into phospholipid in the liver, then the turnover 
of liver phospholipid should be very rapid and there should be a 
rapid fall in the iodine number. 

The results obtained indicate that such is not the case. Even 
after many days of fasting or on a diet rich in hydrogenated coco- 
nut oil there is a relatively small and inconstant drop i in the iodine 
number of the liver phospholipid fatty acids. 

During fasting rather striking changes in the lipid content of the 
liver were observed. Together with the decrease in the actual 
weight of liver there was a decrease in the absolute amount of phos- 
pholipid, unsaponifiable material, and fat. However the percent- 
age amount of both phospholipid and unsaponifiable material 
always increased, while that of the fat was rather irregular. 


THE KINETICS OF CARBON DIOXIDE REACTIONS IN BUFFER 
SYSTEMS AND BLOOD 


By WILLIAM C. STADIE anp HELEN O’BRIEN 


(From the John Herr Musser Department of Research Medicine, University 
of Pennsylvania, Philadelphia) 


The velocity of the reactions of all forms of CO with the constit- 
uents of a buffer system is dependent upon the slow reactions 


CoO, + H.0 = 
CO, + OH- H:CO,; 
Toward the right, these equations express the hydration of CO3; 


toward the left, the dehydration of carbonic acid. The velocity of 
the reaction (hydration or dehydration) is given by the equation 


(1) 
(2) 
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Two general cases arise. 

1. The reactions occur in infinite buffer; i.e., the pH is constant. 
Equation 3 may then be integrated and gives two equations, Equa- 
tion 1 for hydration and Equation 2 for dehydration, which permit 
the calculation of the time necessary to reach any degree of equilib- 
rium; e.g. 90 per cent from the experimentally determined values of 
the constants k;, ke, ks, and ky. 

2. The reactions occur in dilute buffer; i.e., the pH is variable. 
Three cases arise. 

1. pH < 845—The reaction given by Equation 2 becomes 
negligible. 

(a) Hydration of CO.—The velocity is given by the equation 


(4) 


This equation may then be integrated and the velocity constant 
k, determined experimentally from the changing values of agco,- 
against time. 

(b) Dehydration of CO:-—The velocity is given by the equation 


This equation may then be integrated and the value of ke deter- 
mined experimentally from the changing values of ay,co, against 
time. 

2. pH > 12—The reaction given by Equation 2 then becomes 
negligible. 

(a) Hydration of CO:—The velocity is given by the equation 


which may be integrated and the value of the constant k; deter- 
mined experimentally. 

(b) Dehydration of COz—At pH > 12 this is insignificant. For 
this reason the term k,ayqco,- may be neglected in Equation 6. 

38. pH > 7.5 < 12—The complete Equation 3 must be used. 
An integral exists but is too cumbersome for practical use. 
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Application to Blood—The values of the constants k, and kz ex- 
trapolated from 0° to 38° permit an approximate calculation of the 
time necessary for the blood to attain 90 per cent of equilibrium 
either in the uptake (hydration) or release (dehydration) of CO: in 
the tissues and lungs respectively. The calculated time is greatly 
in excess of the physiological demands and indicates some catalytic 
mechanism for these reactions in the blood. An active principle 
isolated from red blood cells was found to accelerate greatly the 
velocity of these reactions. The nature of this principle and the 
mechanism of its effects upon the velocity constants outlined above 
were studied and analyzed in detail. 


STUDIES ON THE PHYSIOLOGY OF PYRIMIDINES. THE METAB- 
OLISM OF ISOBARBITURIC ACID IN MAN 


By JAKOB A. STEKOL anp LEOPOLD R. CERECEDO 
(From the Department of Chemistry, Fordham University, New York) 


The metabolism of isobarbituric acid in humans has been stud- 
ied. We find that in man isobarbituric acid is partly metabolized 
to urea, partly excreted in conjugation with sulfuric acid. 

In an attempt to determine in what manner various metabolic 
conditions would affect the fate of this compound in the human 
body, our subject was given only one meal every 24 hours. The 
24 hour period was divided into three parts of 8 hours each; a diges- 
tive period (Period 1), beginning immediately after the meal, a 
postprandial period (Period 2), and a fasting period (Period 3). 
The urine passed during each of these three periods was separately 
analyzed for total nitrogen, creatinine, phosphorus, urea, and sul- 
fur. We find that isobarbituric acid seems to be differently me- 
tabolized depending on the period in which it is ingested. The 
greatest variations are found when the substance is given at the 
beginning of Period 3. 

We have obtained a strongly positive naphthoresorcinol test 
in the urine, indicating that isobarbituric acid causes an increased 
elimination of glucuronates. 
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METHODS FOR ESTIMATING THIOCYANATES IN URINE 


By M. X. SULLIVAN 


(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 


The values obtained by the Rupp-Schied-Thiel iodometric 
method and the Munk gravimetric method applied to urine are too 
high, since other substances in urine react like thiocyanate in that 
they are precipitated by silver nitrate, react with iodine, or contain 
sulfur. Based on the fact that barium thiocyanate is soluble in 
alcohol and the interfering substances are not, an improved pro- 
cedure was developed as follows: An aliquot of urine, generally 
50 cc., is treated with a saturated aqueous solution of barium 
hyroxide as long as a precipitate forms. The mixture is filtered, 
evaporated, taken up in absolute alcohol, and the procedure of 
evaporating and dissolving in alcohol repeated. Finally the dry 
residue is dissolved in 25 cc. of water and the Rupp-Schied-Thiel 
procedure applied. The values found are much lower than when 
applied to urine unmodified. 


THE ANALYSIS OF CHLORIDE IN TISSUES 


By F. WILLIAM SUNDERMAN 


(From the John Herr Musser Department of Research Medicine, University 
of Pennsylvania, and the Pennsylvania Hospital, Philadelphia) 


Complete recovery of chloride in tissues was not obtained by the 
use of the direct open Carius method. A procedure for analysis, 
employing preliminary alkaline digestion followed by the open 
Carius method, has been developed which gives results agreeing 
within +2 per cent with those obtained by established methods 
for analysis of chloride in organic materials. 


THE NON-HYDROLYTIC OXIDATION OF CYSTINE 


By GERRIT TOENNIES ann THEODORE F. LAVINE 
(From the Research Institute of the Lankenau Hospital, Philadelphia) 


The possibility of preparing compounds that derive from cystine 
by oxidation of the sulfur group and that are intermediate between 
cystine and cysteic acid was studied. The attempt was made to 
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dissolve and oxidize cystine in a non-aqueous medium, in order to 
prevent hydrolysis of the —S—S linkage, which in aqueous oxida- 
tion leads to the formation of cysteic acid. Cystine was found to 
be soluble in alcoholic HCI solutions, but to undergo spontaneous 
esterification therein. In anhydrous solutions of HCIQO, in acetic 
acid a violent reaction takes place, in which a part of the cystine 
is converted into cysteic acid. In an anhydrous solution of HClO, 
in acetonitrile, however, cystine is soluble in amounts fully equiva- 
lent to the HCIO,, and such solutions are stable for several weeks at 
room temperature. When oxidized in this solution by benzoyl 
hydrogen peroxide, cystine takes up a maximum of 4 oxygen atoras, 
and a precipitate has been isolated, the composition of which 
approaches the formula (HOOC—CH(N,)—CH:—S0O:—). + 
1HCI1O,. The product is hygroscopic and in aqueous solution 
undergoes hydrolysis as indicated by progressive acid formation. 
The aqueous solution reduces iodine, but it is also capable of oxi- 
dizing iodide if this is present in excess. While no —SH test is 
produced by the aqueous solution with cyanide and nitroprusside, 
the test appears after preliminary reduction by iodide. - 


A STUDY OF ANISOTROPIC SUBSTANCES IN THE URINE 


By MARY E. TURNER 
(From the Chemical Laboratory, Babies Hospital, New York) 


An investigation has been made of the chemistry and morphol- 
ogy of the various anisotropic substances, particularly those struc- 
tures showing a typical Maltese cross under the polarizing micro- 
scope. Anisotropic lipid granules were prepared from cholesterol 
esters in vitro and their variations studied. When sodium sali- 
cylate or aspirin was administered to an individual, the urine con- 
tained anisotropic granules having the same morphological forma- 
tions as those of cholesterol ester. These granules were isolated 
and identified as sodium salicylate. Cholesterol esters in the 
urine may be overlooked owing to the various physical forms as- 
sumed by the solid or liquid crystals, and non-lipid granules may 
be interpreted as cholesterol esters. A microscopic test for choles- 
terol which aids in the study of lipid bodies in urine sediments has 
been devised. The value of a chemical study combined with the 
use of the polarizing microscope in the investigation of doubly 
refracting lipids deserves emphasis. 


> 
‘ 
al 


Society of Biological Chemists xciii 


MANOMETRIC MICRODETERMINATION OF CARBON IN ORGANIC 
SUBSTANCES 


By DONALD D. VAN SLYKE, IRVINE H. PAGE, anp ESBEN KIRK 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


The method proposed is in principle the same used by Backlin.® 
It has been changed in reagents, apparatus, and technique to in- 
crease speed and accuracy. 

The sample is placed in a 15 ce. test-tube connected through a 
ground glass joint to the chamber of the Van Slyke-Neill mano- 
metric apparatus, and is burned by heating for 3 to 5 minutes with 
1 cc. of a chromic acid mixture (12 to 15 gm. of chromic acid, 125 ce. 
of concentrated sulfuric acid, 125 cc. of concentrated orthophos- 
phoric acid). By passing the gas from the combustion tube back 
and forth several times between the tube and the manometric 
chamber, all the CO, is absorbed in 2 cc. of 0.5 N sodium hydroxide 
in the chamber. The alkali solution is then acidified and the CO, 
extracted and measured manometrically as in blood CO, determi- 
nations. With the usual Van Slyke-Neill apparatus, and samples 
with 0.2 to 0.5 mg. of carbon, results are ordinarily accurate to 
within 1 part in 200. By using a manometric chamber calibrated 
to measure the CO, at 5 cc. instead of 2 ce. volume, with cor- 
respondingly larger samples, and by eliminating slight fluctuations 
in the blank due to CO, in the atmospheric air in the combustion 
tube, the usual error can be brought down to 1 part in 500. Good 
results are given by sugars, fatty acids, and amino acids. The 
simpler technique requires 11 to 12 minutes for a complete analy- 
sis; it has been found convenient for microdeterminations of lipids. 
The more precise modification requires 15 to 20 minutes. 


OXIDATION PRODUCT OF PROTEINS, METHYLSULFONIC ACID 
By HARRY M. VARS 
(From the Biological Laboratory, Princeton University, Princeton) 


In 1914 Mérner*’ reported the presence of methylsulfonic acid 
among the oxidation products of proteins after treatment with 


* Backlin, E., Biochem. Z., 217, 483 (1930). 
Van Slyke, D. D., and Neill, J. M., J. Biol. Chem., 61, 523 (1924). 
* Morner, C. T., Z. physiol. Chem., 98, 175 (1914-15). 


. 

| 

| 

| 

XUM 


xciv Scientific Proceedings. XXVII 


nitric acid. Inasmuch as cystine is not converted to methyl- 
sulfonic acid by oxidation with nitric acid, he stated that his ob- 
servation was strong evidence for the presence of an unknown 
sulfur-containing amino acid in proteins. No mention of Mérner’s 
work has been made in papers concerned with the discovery and 
characterization of methionine. 

Methylsulfonic acid in a yield approximating 70 per cent of the 
expected amount (on the basis of the non-cystine sulfur) has been 
obtained by the nitric acid oxidation of commercial casein. 
(CH;SO;)2Ba, calculated, Ba 41.96, S 19.58; found, Ba 41.61, 
19.66. 

A study of the oxidation of methionine is being made. An im- 
proved method of isolation of methylsulfonic acid is being devel- 
oped, and purified proteins will be studied for their yield of this 
acid. 

SOME CHEMICAL PROPERTIES OF HIGHLY PURIFIED PREPARA- 
TIONS OF PITRESSIN AND PITOCIN 


By VINCENT pv VIGNEAUD, ROBERT RIDGELY SEALOCK, anp 
R. H. SIFFERD 
(From the Department of Biochemistry, George Washington University, 
School of Medicine, Washington) 


anp OLIVER KAMM anp IRVINE W. GROTE 
(From the Research Laboratories of Parke, Davis and Company, Detroit) 


A series of preparations of pitressin and pitocin of varying de- 
grees of potency have been studied to detect, if possible, any dis- 
tinguishing chemical properties between these two principles, and 
further to find out whether any characteristic chemical changes 
occurred in the samples, with increasing concentration of the active 
principles, which might be useful in following from a chemical 
standpoint further attempts at their isolation. As a preliminary 
attack along these lines the sulfur, nitrogen, cystine, tyrosine, 
arginine, and histidine contents of the various fractions were 
determined. A striking difference was found in the cystine content 
of highly purified preparations of the pitressin and pitocin as deter- 
mined by the Sullivan method. For example, a sample of pitocin 
possessing 500 units of oxytocic activity per mg. contained 3.06 
per cent sulfur and had a cystine value of 8.96 per cent, whereas a 
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sample of pitressin containing 200 units of pressor activity per mg. 
gave only a faint Sullivan reaction, although 3.10 per cent sulfur 
was present. In the case of both series of preparations increasing 
potency was attended by an increase in sulfur content. Another 
finding which may be of significance was the high tyrosine or 
rather phenolic value of both series of fractions which markedly 
increased upon concentration of the active principles. Of the two 
samples mentioned above the pitocin contained 14.3 per cent tyro- 
sine, while the pitressin sample contained 10.5 per cent. Further 
work is being carried out along these lines and in further attempts 
to purify these active principles. 


THE METABOLISM OF dl-METHIONINE IN THE RABBIT 


By ROBERT W. VIRTUE anp HOWARD B. LEWIS 


(From the Department of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 


The sulfur of dl-methionine, when fed in moderate amounts 
(equivalent to 400 mg. of sulfur) to rabbits, was readily oxidized, 
the distribution and recovery of urinary sulfur being approximately 
the same as when cystine was fed in comparable amounts. After 
subcutaneous injection of methionine, the sulfur of this amino acid 
was also oxidized readily. After subcutaneous injection of a 
methionine derivative in which the a-amino group was “‘blocked,” 
benzoylmethionine, no evidence of oxidation of the sulfur present 
in the compound was obtained. No increases in urinary sulfate 
sulfur were observed, while the excretion of organic sulfur was 
greatly increased. These results are similar to those previously 
obtained with cystine, in which it was shown that after ‘‘blocking”’ 
the a-amino group of cystine, oxidation of the sulfur of the deriva- 
tive by the organism of the rabbit did not occur readily.** After 
oral or parenteral administration of methionine, evidence was ob- 
tained which indicated the excretion of a small amount of a com- 


pound containing the S—S linkage. 
*s Lewis, H. B., and Root, L. E., J. Biol. Chem., 60, 303 (1922). Lewis, 
H. B., Updegraff, H., and McGinty, D. A., J. Biol. Chem., 69, 59 (1924). 
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THE EFFECTS OF THE ADMINISTRATION OF EXTRACTS OF HY- 
POPHYSIS AND OF URINE FROM PREGNANT CASES TO 
HYPOPHYSECTOMIZED RATS 


By NELSON J. WADE, PHILIP A. KATZMAN, anp MYRON 
JORGENSEN 


(From the Biological Laboratory and the Laboratory of Biological Chemistry, 
St. Louis University School of Medicine, St. Louis) 


Experiments on hypophysectomized female rats support data by 
Evans et al.** on the dog and rat and of Engle” on the monkey that 
the gonad-stimulating substance of urine from pregnant cases does 
not act the same as do extracts from the gland. 

Twenty-one albino females, weighing 120 to 125 gm., when 
completely hypophysectomized failed to show ovarian stimulation 
comparable to the normal when injected with anterior pituitary- 
like substance” 2 to 47 days after hypophysectomy. The doses 
ranged from 4 to 330 rat units injected subcutaneously daily for 
3 to 15 days, with total doses of 12 to 1800 rat units. This is in 
agreement with Evans et al. but contrary to the report by Freud.” 
Although no follicular growth could be detected, some tendency to 
cause leuteinization of the theca and granulosa could be found. 
This is in partial agreement with the findings of Collip and co- 
workers.” 

Four hypophysectomized animals showed some ovarian stimula- 
tion after treatment with anterior pituitary-like extracts. How- 
ever, in three of these the control ovary removed before treatment 
was begun presented a picture atypical of complete hypophys- 
ectomy. Serial sections of the sella turcica failed to reveal any 
pituitary tissue. The response in these cases was much less than in 
normal or definitely incompletely hypophysectomized animals. A 
different explanation is sought. In several normal and incom- 
pletely hypophyseciomized animals the injection of anterior 
pituitary-like extracts caused definite follicular growth and forma- 
tion of corpora lutea. Luteinization of follicles and theca was 


* Evans, H. M., Meyer, K., and Simpson, M. E., Am. J. Physiol., 100, 
141 (1932). 

7 Engle, E. T., Proc. Soc. Exp. Biol. and Med., 30, 530 (1933). 

™ Katzman, P. A., and Doisy, E. A., J. Biol. Chem., 98, 739 (1932). 

7 Freud, J., Deutsch. med. Woch., 48, 974 (1932). 

7 Collip, J. B., Selye, H., and Thomson, D. L., Nature, 131, 56 (1933). 
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seen. In some cases ovulation had not taken place before lu- 
teinization. 

All animals whether showing ovarian stimulation or not re- 
sponded with cornified vaginal smears. This is in agreement with 
Collip et al. an also Freud but is not taken as an index of response 
since spayed hypophysectomized animals injected with compa- 
rable doses of the extract showed some cornification of the vaginal 
smear, although less than those with intact ovaries. This last was 
not found by Collip et al. with placental extracts. 

Preliminary work on injecting hypophysectomized females with 
the hypophyseal growth hormone prepared by the method of van 
Dyke and Wallen-Lawrence”™ plus the gonad-stimulating extract of 
urine indicates that the ovarian response is greater than with the 
latter alone. This might be expected on the basis of the work by 
Evans et al. 

Likewise, preliminary work with the hypophyseal sex factor pre- 
pared by a slight modification of the method of Wallen-Lawrence 
and van Dyke” indicates that follicular growth may be produced 
in hypophysectomized animals. 


THE FRACTIONATION OF THE GONAD-STIMULATING SUBSTANCE 
OF THE ANTERIOR LOBE OF THE PITUITARY BODY 


By ZONJA WALLEN-LAWRENCE 


(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicago) 


Preparations which have heretofore been referred to as the 
“gonad-stimulating substance” of the anterior pituitary body have 
recently been separated into what appears to be two fractions 
which can be differentiated physiologically. The gonad-stimulat- 
ing Preparation A, prepared from whole sheep pituitary gland pow- 
der by the method described previously for making pressor-free 
extracts and powders, was reprecipitated once, giving Powder B 
which formed the starting point for the separation here considered. 
By using suitable variations in pH, in temperature, and in concen- 

™ van Dyke, H. B., and Wallen-Lawrence, Z., J. Pharmacol. and Ezp. 
Therap., 40, 413 (1930). 

7 Wallen-Lawrence, Z., and van Dyke, H. B., J. Pharmacol. and Ezp. 
Therap., 48, 93 (1931). 
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tration of ethanol used to precipitate the activities, Fractions C 
and D were prepared. 

As in previous work reported from this laboratory, these prepa- 
rations were assayed in immature albino rats; injections were given 
once daily for 4 days beginning on the 21st day of life. Necropsies 
were performed on the 6th day after the first injection. 

In doses adequate to produce significant increases in ovarian 
weights, Fraction C almost invariably caused the appearance of 
hemorrhagic follicles in the ovaries. It caused significant but sel- 
dom marked uterine hypertrophy or distension. It rarely caused 
opening of the vaginal introitus and it frequently produced estrus 
by the 26th day of life. These statements are based on observa- 
tions in only 52 rats. Fraction C did not differ significantly from 
Powder B from which it was prepared. 

Fraction D, on the other hand, differed from Powder B and 
Fraction C. In doses sufficient to produce excessive ovarian hyper- 
trophy, Fraction D caused a very striking uterine hypertrophy 
accompanied by opening of the vaginal introitus and estrus on the 
26th day of age. The ovaries contained ripe follicles but no hemor- 
rhagic ones. In doses adequate to produce significant but not 
excessive ovarian hypertrophy, Fraction D again caused uterine 
hyperemia, hypertrophy accompanied by estrus, and ripening of 
follicles without follicular hemorrhage. In doses inadequate to 
produce significant increase in ovarian weights, opening of the 
vaginal introitus, uterine hyperemia, hypertrophy and distension, 
and estrus nevertheless were observed. Even in those few in- 
stances in which the ovaries of the injected animals weighed 
less than their litter mate controls the uterine weights were in- 
creased more than 100 per cent and the animals were in estrus on 
the 26th day of life. The effect of this preparation in ovariecto- 
mized rats is being studied. 

The effects of Powder B and its derivatives Fractions C and D 
have also been studied in male rats. The results indicate that the 
male sex organs are significantly increased in weight even though 
only four injections were given and necropsies were performed on 
the 6th day after the first injection. The data show that the 
testes are as sensitive indicators of anterior pituitary stimulation 
as are the ovaries of litter mates. This statement is contrary to 
what has been recorded previously for pituitary implants and for 
cruder pituitary extracts. 
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Fractions C and especially D are unstable when kept as dry 
powders or in aqueous solution under conditions which, in cruder 
preparations, cause no significant deterioration in months. 

The histological studies of the tissues stimulated by these prep- 
arations are under way. 


A METABOLIC STUDY OF A CASE OF LORAIN TYPE OF 
INFANTILISM 


By CHI CHE WANG, CORINNE HOGDEN, MILDRED KAUCHER, 
anp MARY WING 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 
This paper covers a part of a metabolic study conducted on a 

10 year old dwarf boy weighing 15.4 kilos, measuring 104.4 cm. 

on admission, and belonging to the class of Lorain type of infanti- 

lism. Physically he looked like a child of 4 or 5, but mentally he 
was up to his age. According to his mother he ceased to grow at 

the age of 3. 

Three series of experiments of 14 days each were made on the 
child. During the first period he was allowed to choose both the 
kind and the quantity of foods and he received on the average 3.55 
gm. of protein and 91 calories per kilo per 24 hours. The protein 
of the second period was increased to 4.65 gm., while that of the 
third period was decreased to 2.65 gm. per kilo; otherwise these two 
diets were not much different from the first. During the last 
6 days of each period specimens of foods and excretions were col- 
lected and analyzed for nitrogen, energy value, phosphorus, cal- 
cium, sodium, magnesium, and fat. Basal metabolism and crea- 
tine and creatinine in urine were also determined during each period. 
This report gives the first three and basal metabolism only. 

Basal metabolism of the three periods showed no difference with 
an average for sixteen tests of 748 calories per 24 hours, which is 
from 17.0 to 35.2 per cent below any normal standards for his age. 
In agreement with results obtained from adult dwarfs by previous 
investigators, however, his metabolism was within normal limits 
when it is compared with that of children of his height or when it is 
expressed on the basis of body surface. 

Unexpectedly his protein and mineral metabolism showed a 
typical resemblance to that of a rapidly growing child. His reten- 
tion of nitrogen for the three periods averaged respectively 0.082, 
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0.083, and 0.086 gm. per kilo per 24 hours as compared with 0.041, 
0.084, and 0.039 gm. obtained from a group of normal children of 
his age receiving similar diets. The corresponding values for phos- 
phorus were 0.002, 0.005, and 0.008 gm. as against 0.009 to 0.036 
gm., which is the range for normal children. His phosphorus 
retention was, therefore, slightly below normal. 

Although his caloric intake per 24 hours was about 30 per cent 
below that of a child of his age, his average values per kilo per 24 
hours, being 89, 94, and 78 calories respectively for the three peri- 
ods, were much higher than that of a group of normal children 
receiving a normal diet, 74 calories per kilo. The high caloric in- 
take during the first two periods was accompanied by a high energy 
expenditure for activity. ‘The energy expenditure on low protein 
diet was slightly lower than that of normal children on a normal diet. 

One of the most interesting findings in this study is the rate of 
growth of the child during the 51 days he was in the metabolism 
unit. He gained 2.9 kilos in weight and 2.1 cm. in height on a 
wholesome diet with no medication of any kind. A normal boy 
of his age should gain 0.317 kilo and 0.7 cm. in the same period. 
His growth in weight was, therefore, 791 per cent and that in 
height 200 per cent higher than normal. Since his discharge from 
the hospital he has been back twice for physical examinations. 
Each time he was found to be losing weight. On February 3, 1933, 
his weight was 16.0 kilos as compared with 18.3 on May 11, 1932. 
His height remained unchanged during the 9 months. 


THE MECHANISM OF THE ACTION OF METHYLENE BLUE AND 
SODIUM NITRITE IN CYANIDE POISONING 


By WILLIAM B. WENDEL 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 


The experiments of Sahlin,”* Eddy,”’ Brooks,”* Hug,” and 
Geiger®® demonstrate that methylene blue antagonizes cyanide 


7 Sahlin, B., Skand. Arch. Physiol., 47, 284 (1925). 

77 Eddy, N. B., J. Pharmacol. and Exp. Therap., 41, 449 (1931). 
78 Brooks, M. M., Am. J. Physiol., 102, 145 (1932). 

7? Hug, E., Compt. rend. Soc. biol., 111, 519 (1932). 

8° Geiger, J. C., J. Am. Med. Assn., 99, 1944 (1932). 
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poisoning. Hug finds sodium nitrite more efficacious than methyl- 
ene blue. 

Sahlin and Brooks interpret the phenomenon (with methylene 
blue) as being analogous to the effect of the dye in overcoming 
cyanide inhibition of tissue respiration in vitro; that is, the dye acts 
in lieu of the tissue respiratory catalysts, the activity of which is 
suppressed by cyanide. A simpler explanation follows from the 
known behavior of the system methylene blue-hemoglobin-HCN 
in vitro, namely, the oxidation of hemoglobin to methemoglobin 
by the dye* and the fixing of HCN by methemoglobin. Further- 
more, it is known that methylene blue causes the formation of 
methemoglobin in vivo® also. 

That this is the explanation is demonstrated by the following 
illustrative experiments. Removal from a dog of 20 cc. of blood 
(equivalent to 0.2 mm O, capacity) per kilo of body weight and 
reinjection of the cells suspended in salt solution, after converting 
the hemoglobin to methemoglobin by amy] nitrite (the excess being 
removed by washing), make the animal insensitive to immediate 
intravenous injection (during 2 minutes) of 3 mg. of HCN (0.11 
mm) per kilo, a fatal subcutaneous dose. (Five control animals 
died in 20 to 26 minutes.) Or, injection of the same volume of 
methemoglobin cell suspension, beginning 13 minutes after sub- 
cutaneous injection of 3 mg. of HCN per kilo, revived the animal. 
During the injection, which lasted 5 minutes, gasping ceased and 
struggling was resumed. 10 minutes after beginning the injection 
the animal walked about, and seemed almost normal. 

From the fact that the antidotal action of methylene blue and 
nitrite involves conversion of oxygen-carrying blood pigment into 
non-functional pigment, it follows that the successful use of these 
substances is limited by the extent to which this transformation 
can be tolerated. Whether methylene blue acts also to replace 
cellular catalysts, in vivo, cannot be demonstrated because of this 
limitation. 


*! Wendel, W. B., and Shaffer, P. A., J. Biol. Chem., 87, p. xx (1930). 
*2 Combemale, M., Compt. rend. Soc. biol., 43, 300 (1891). 
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A DIETARY FACTOR CONCERNED WITH CARBOHYDRATE 
METABOLISM 


By LAURENCE G. WESSON anp F. C. MURRELL 
(From the Department of Pharmacology, Vanderbilt University School of 
Medicine, Nashville) 

A metabolic abnormality in rats in which carbohydrate is con- 
verted into fat to a degree not found in normal animals is appar- 
ently caused by a deficiency in their restricted diet of some factor 
occurring in certain fats,“ among them lard. The liquid fat 
fraction of lard (alcohol crystallization) is, on the average, effec- 
tive in one-tenth the amount of the solid fat fraction which is 
necessary to restore partially or completely the course of carbohy- 
drate metabolism to normal. Moreover, a more nearly normal 
metabolism following this return to normal is maintained without 
further dosing for a longer period of time with the liquid fat frac- 
tion than with the solid fat fraction (25 days as compared with 18 
days), although 10 times the amount of the latter is used. The 
saponifiable fraction of lard is also active in restoring the carbohy- 
drate metabolism to normal, while purified ethyl stearate, which is 
used as a control substance, is inactive. 

The feeding of 6.7 mg. daily of either the liquid or solid frac- 
tions of lard to young rats for a period of 4 months practically 
eliminates the appearance of the metabolic abnormality, while 
litter mates receiving no fat show abnormal metabolism. 


DETERMINATION OF THE HYDROXYL NUMBERS (ACETYL 
VALUES) OF OILS, FATS, AND WAXES 


By EDWARD 8. WEST, GEORGE H. CURTIS, anp CHARLES L. 
HOAGLAND 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 

A simplified procedure has been worked out based upon the reac- 
tion of acetic anhydride + pyridine with the hydroxyl groups. 
A sample of material is weighed into a special distillation appara- 

83 Wesson, L. G., Am. J. Physiol., 81, 513 (1927); J. Biol. Chem., 78, 
507 (1927); 100, 365 (1933). Wesson, L. G., and Burr, G. O., J. Biol. Chen. 
91, 525 (1931). Burr, G. O., and Beber, A. J., J. Biol. Chem., 97, p. xxxvi 
(1932). 
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tus to which is added an accurately measured quantity of a mixture 
of acetic anhydride and pyridine. The apparatus is heated in a 
bath at 140-145° with a stream of nitrogen passing through. The 
pyridine and unused anhydride distil off and are received in ab- 
sorption flasks containing standard alkali. The alkali used is 
determined by back titration with standard acid. This, sub- 
tracted from the titration value of the original acetic anhydride- 
pyridine mixture, gives the amount of acetyl bound by the sample, 
from which the acetyl or hydroxyl number may be calculated. 


AN INVESTIGATION OF A NEW METHOD FOR PRODUCING A DIET 
DEFICIENT IN CYSTINE AND METHIONINE 


By ABRAHAM WHITE anv RICHARD W. JACKSON 
(From the Department of Physiological Chemistry, Yale University, 
New Haven) 

Growth studies on the albino rat have been conducted with the 
object of obtaining a dependable and easily prepared diet deficient 
in the known sulfur-containing amino acids. In view of the fact 
that the rat, like the dog and the rabbit, is known to conjugate 
cystine with bromobenzene and to excrete the resulting bromo- 
phenylmercapturic acid in the urine, it seemed promising to inves- 
tigate the value of bromobenzene as an agent for depleting the ani- 
mal of a significant portion of its cystine resources. Jackson and 
Block*:® have shown that the rat ingesting a type of diet previ- 
ously designated as cystine-poor would respond in growth to the 
administration of methionine. The aforementioned authors con- 
cluded either that both cystine and methionine are indispensable 
in the usual sense, or, more probably, that there exists some meas- 
ure of metabolic interconvertibility between the two amino acids. 
Furthermore, White and Lewis* have demonstrated the similarity 
of the changes in sulfur excretion following the administration of 
either cystine or methionine with bromobenzene to the dog, and 
have suggested that methionine may function as does cystine in 
the detoxication of the monohalogen derivatives of benzene. These 
findings provided the background for the working hypothesis that 
the incorporation of bromobenzene in the diet might result in a 

Jackson, R. W., and Block, R. J., Science, 74, 414 (1931). 


% Jackson, R. W., and Block, R. J., J. Biol. Chem., 98, 465 (1932). 
%* White, A., and Lewis, H. B., J. Biol. Chem., 98, 607 (1932). 
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deficiency of both cystine and methionine. The general type of 
experiment planned was obviously analogous to that employed by 
Griffith’ to produce restricted growth in the rat by depleting the 
animal of glycine through the administration of suitable amounts 
of sodium benzoate. 

In our preliminary experiments we have employed animals 
which, ingesting essentially the basal low cystine-methionine diet 
employed by Jackson and Block,® were found to grow more rapidly 
than desired (average daily growth of 0.6 gm.). Following the 
addition of 0.30 cc. (0.45 gm.) of bromobenzene to each 100 gm. of 
the basal diet, the animals lost weight (average daily decline of 0.6 
gm.). The superimposition of /-cystine (0.12 gm.) on the basal 
diet (100 gm.) already containing the bromobenzene led to definite 
stimulation of growth (average daily increment of 0.8 gm.). It is 
to be emphasized that the inflections of the growth curves were 
immediate and sharp, and strikingly paralleled the dietary altera- 
tions. These results were uniformly obtained throughout a group 
of nine animals observed during experimenta! periods of 2 to 3 
weeks. Moreover, we have indications that under these experi- 
mental conditions methionine produces the same type of growth 
response. 

Further experiments have been initiated in the direction of simpli- 
fying the basal diet to be employed with the bromobenzene. The 
particular basal diet now under consideration is one containing 8 
to 10 per cent of casein, with an abundant supplement of the vita- 
min B factors in the form of dried yeast. This diet with a suitable 
addition of bromobenzene would appear to offer promise in the 
development of a readily available and reliable procedure for the 
investigation of the metabolism of cystine and methionine and 
allied problems by the growth method. 


THE SYNTHESIS OF GLYCYLTAURINE AND GLYCYLCYSTEIC ACID 


By JULIUS WHITE* 
(From the Department of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 
Glycyleysteic acid was prepared by the oxidation of glycylcys- 
tine by bromine, but could not be obtained by the action of 
chloroacety] chloride on cysteic acid and subsequent replacement of 


87 Griffith, W. H., J. Biol. Chem., 82, 415 (1929). 
* National Research Council Fellow in Medicine. 
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the chlorine by ammonia. This seems to indicate that in conse- 
quence of the accumulation of “negative groups” as a result of the 
oxidation of the disulfide to a sulfonic acid group, the reactivity or 
basicity of the amino group may be decreased. Glycyltaurine was 
prepared readily by the action of chloroacetyl chloride on taurine 
and replacement of the chlorine by ammonia. This difference in 
behavior of cysteic acid and taurine may be explained by the fact 
that taurine has one less negative group (carboxyl group) than 
cysteic acid and hence the amino group is more reactive. The bio- 
logical behavior of these “‘peptides”’ is under investigation. 


THE QUANTITATIVE SPECTROGRAPHIC DETERMINATION OF 
INORGANIC BASES IN BIOLOGICAL MATERIAL 


By FRANK H. WILEY, J. 8. OWENS, anv O. 8S. DUFFENDACK 
(From the Department of Internal Medicine, Medical School, and the Depart- 
ment of Physics, University of Mighican, Ann Arbor) 

By use of solutions in which the ratios of the concentrations of 
sodium, potassium, calcium, and magnesium are approximately 
those found in urine ash, an attempt has been made to devise a 
method for spectrographic analysis. 

A primary current of 9 amperes and 120 volts was used in a trans- 
former whose secondary coil delivered about 25,000 volts to the 
spark gap. A vertical spark was formed between a silver electrode 
at the top and a lower electrode formed by allowing the solution 
subjected to analysis to flow around a platinum wire inclosed in a 
small quartz tube. Only the lower half of the spark was pho- 
tographed. 

The solutions were made up to contain 1 per cent of cadmium, 
in the form of the chloride, to act as the standard. The blackening 
of the lines on the photographic plate was determined with a micro- 
photometer. By means of a calibration pattern placed on each 
plate by substituting a step diaphragm for the slit on the spectro- 
graph and by using a spark between aluminum electrodes in a 
hydrogen atmosphere as the source of light, the intensity of each 
wave-length of light could be determined from the blackening of 
the corresponding line on the plate by the method described by 
Duffendack and Wolfe.** 

Calibration curves were made, with solutions of known concen- 


*§ Duffendack, O. S., and Wolfe, R. A., Physic. Rev., 40, 1038 (1932). 
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: tration, in which the concentration of the element to be determined 
' is plotted against the ratio of the intensity of the light emanating 
from that element to the intensity of the light due to excitation 
of the cadmium. By plotting similar ratios found in solutions of 
unknown composition, the concentration of the elements may be 
determined. 

Preliminary results indicate that analyses as accurate, and in 
4 some cases more accurate, than those obtainable by chemical 
methods can be made in a fraction of the time usually required. 


P: THE DETERMINATION OF ANSERINE IN MUSCLE 


By D. WRIGHT WILSON anp WILLIAM A. WOLFF 

(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 

1 nitrogen atom of anserine or of carnosine reacts with nitrous 
f acid quantitatively in the time required for a-amino acids. 2 ni- 
trogen atoms react after hydrolysis of either compound. With 
j this information, a quantitative method for the determination of 
« anserine in muscle has been devised. Fresh, hashed muscle is 
r extracted with water at 70° and the slightly acid extract is heated 
; to boiling. The filtrate after concentration is treated with 6 
; volumes of alcohol, a small precipitate of protein removed, and the 
‘ solution treated with mercuric sulfate and alcohol until precipita- 
; tion is complete. After decomposing the precipitate with H,S, 
) and washing the mercuric sulfide, the neutralized solution is con- 
; centrated on a water bath with a fan. The carnosine is deter- 
.. mined by the colorimetric method of Koessler and Hanke. Amino 
3 nitrogen is determined by Van Slyke’s procedure, before and after 
i hydrolysis with hydrochloric acid. The increase of amino nitro- 
4 gen on hydrolysis is due almost entirely to carnosine and anserine. 
. By subtracting from the total the amount of carnosine determined 
' colorimetrically, the anserine content of muscle is obtained. 
; A simpler but less accurate procedure involves the use of the 
colorimetric and gasometric methods with a muscle extract which 
has been treated with lead acetate only. 


